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PREFACE 


The purpose of this book is to outline the fundamental principles of 
animal breeding in as simple and practical a manner as possible. An at- 
tempt has been made to present the material both for the college under- 
graduate and for the practical animal breeder. 

Animal breeding consists of three closely related fields: physiology of 
reproduction, genetics, and the application of genetics to the improve- 
ment of farm animals. The purpose here is not to cover in detail all 
three phases of this subject. Rather, the chief aim is to present the prin- 
ciples of genetics and their application. At times, however, some of the 
physiological aspects of animal breeding are included to clarify those of 
a genetic nature. This is especially true in the discussion of oogenesis and 
spermatogenesis. 

The genetics of livestock improvement is the least understood of any 
phase of livestock production. One of the main reasons for this is that 
the science of genetics is relatively new. Mendel’s classic paper on the 
basic concepts of inheritance was not discovered until about 1900, and 
only recently have these principles been applied in a practical way in 
plant and animal breeding. Another reason for the lack of understanding 
of the genetics of animal breeding is that new discoveries in this field 
have come more slowly than those in management, feeding, and disease 
control. Most discoveries in genetic research are not so spectacular as 
those in nutrition, for instance, where vitamins, antibiotics, and hor- 
mones have received much publicity in recent years and have been effec- 
tive in increasing the efficiency of livestock production. Furthermore, new 
discoveries in genetics and animal breeding are usually difficult to apply, 
and their application often meets opposition from breeders as well as 
others. Last, but not least, the understanding of genetics is often difficult 
and requires considerable study; but no subject is more fascinating when 
the principles and their application are thoroughly understood. 

During recent years, there has been an increase in the rate of applica- 
tion of genetics to the improvement of livestock production. Through the 
use of newly developed methods of breeding and selection, new strains 
used for the production of crossbred poultry have been formed and these 
crossbreds are much more productive and efficient than the breeds of a 
few )ears ago. The application of similar methods to swine production 
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has increased the rate and efficiency of gains in this class of farm animals 
One of the main objectives of this book is to present these new findings 
and to explain how they might be applied to the breeding of better live 
stock in the United States 

The outline and much of the material used in this book has been de 
tived from many semesters of teaching experience in this particular field 
I take this opportunity to thank the many hundreds of students who have 
read and used parts of the manuscript in an animal breeding course and 
have suggested points that needed to be expressed more clearly They 
also were diligent, at my request m finding errors in the text I also wish 
to thank Dr Billy T>» Day, of the Animal Husbandry Department, Uni 
versity of Missouri, who carefully read the text and made many valuable 
criticisms 

Examples used for illustrative purposes have been restricted to animals 
where it has been possible to do so This has been done because such ex 
amples should be of more interest to students and breeders than those 
dealing with plants and because the use of such examples afforded the 
opportunity to explain* the inheritance of some very important traits 
It is hoped that the material presented here will not only be useful to 
the animal breeder who has been in business for a number of years but 
will also be useful in training a new generation of animal breeders in 
whose hands lies the fate of the livestock industry in years to come 
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Some Important Changes in 

Livestock Production 


Many changes in livestock produc- 
tion practices have occurred in the past and others will occur in the fu- 
ture- These changes are brought about by several different forces, some 
working together and some working separately. Two most important 
forces are changing consumer demands and the application of research 
results to improve the over-all efficiency of livestock production. 

The successful livestock producer today and in the future must be a 
combination of livestock expert, business man, and prophet. He must use 
the best of approved practices and must use new research findings as soon 
as they become applicable. He must watch market fluctuations from month 
to month and from year to year, because the marketing of his animals at 
the right time is often as important as the cost of production in calculat- 
ing profits. He must be a prophet in that he must anticipate and plan for 
future changes in demands for livestock and livestock products to be 
ready when they occur. 

Experience gained from the past is often valuable in forecasting future 
events and trends. Therefore, it is important to discuss in a general way 
some changes in livestock production that have taken place in the past, 
those that are now taking place, and those that are likely to occur in the 
future. 


THE DEVELOPMENT OF THE LIVESTOCK INDUSTRY 
IN THE UNITED STATES 

When the first settlers came to America from Europe, they brought 
animals to supply meat, milk, and wool. Tiiese early animals were 
nondescript in appearance. Not until the work of Robert Bakcwcll and 
his contemporaries in England during the late 1700's do wc find the 



, Some Important Changes m livestock Product, on 

•Kzsa:sr=SKf£S?^ 

Resoltruonary Vat The first purebreds to be tmponed were dairy ratUe 
and sheep because milk and wool w ere two of the colonists ^eatestn 
There were still enough wild animals in our woodlands and enough cull 
dairy cattle and sheep to supply meat The need for more efficient meat 
producing animals came later Our present-day breeds of beef cattle and 
$wme is ere imported shortly before the Civil War 

With the Industrial Revolution and the movement of people from 
farms into villages and cities the need arose for more meat and wool to 
be used off the farm This led to the realization that animals had to be- 
come more efficient m their production The best method then known to 
increase the efficiency of production was to breed animals for purity of 
the desired characteristics The use of this method contributed to the 
development of our pure breeds The market for breeding animals was 
usually very close to home and the breeders in a given area knew the 
breeding history of their neighbors animals so they knew where to get 
the types and breeds of animals they wanted for their herds or flocks As 
the market for the sale of purebreds expanded and some breeders became 
better known than others it became necessary to develop some means of 
verifying the ancestry of these animals This led to the formation of breed 
associations during the last part of the 19th century 

The formation of breeds and their registry associations resulted in the 
recognition of the fact that purebred sires could bnng about considerable 
improvement in livestock production Numerous experiments were con 
ducted by experiment stauons prior to 192o in which the offspring of 
purebred males were compared with those of nonpurebred males In 
general the comparisons favored purebred sires and many livestock men 
became interested in the use of purebred or registered sires Actually the 
word registered came to mean that the animal was something special 
With the formation of many breeds the question inevitably arose of 
which was best Many livestock men had their own ideas and many of 
them made comparisons between different breeds as did some of the 
colleges and experiment stations These comparisons showed that there 
was no single best breed and that breeds differ m many performance 
traus Breeds superior in some traits of economic importance were inferior 
in others If this had not been found to be true we would now have only 
a , " y fcw d,faent ^ ■- ° f ihe 

popularity of the show nng ,n this country stimulated 
r , 01 Ulm ammaU “ -he best types from 

efruon £ Pr0duc,ron Tb' S e neral condus.on was that the cor 
relauon between type and petfarmance was sery low Thrs mUnt that 
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selecting for good type would not automatically give good performance. 
As far as the size of animals was concerned, however, an intermediate be- 
tween large and small seemed to be the most desirable when all factors 
were considered. 

Still later, interest was shown in crossbreeding both of cattle and of 
hogs, and many experiment stations compared crosses with purebreds. In 
general, the results favored the crosses, but in many cases the differences 
were small. These studies brought out the fact, however, that some breeds 
crossed better than others and that it was just as important in crossbreed- 
ing as in purebreeding to use good selection practices and a systematic 
mating system. 

Recently, more and more emphasis has been placed on good records of 
performance of farm animals as a means of selection and improvement. 
Some new methods of testing, along with well-planned mating systems, 
show much promise in improving the efficiency of livestock, production 
in the future. 


IMPROVEMENTS HAVE BEEN MADE IN THE EFFICIENCY 
OF LIVESTOCK PRODUCTION 

The application of improved methods of breeding, feeding, manage- 
ment, and disease control during the last few years has greatly increased 
the efficiency of livestock production. Estimates from agricultural statis- 
tics show that the production per animal unit in the United States lias 
increased 30 per cent in the last 35 years. Efficiency of production has 
increased in almost all classes of livestock. Since dairy-cattle testing began 
in 1906, for all cows milked, the average milk yield per cow per )car has 
increased 1700 pounds and the butterfat production has increased 63 
pounds. About 30 )ears ago, wcll-fcd hogs required 8 to 9 months to attain 
200 pounds’ weight and required 400 pounds of feed per 100 pounds of 
gain. During the past 10 )cars, the age to attain 200 pounds has been 
reduced to 5 to 54 months, or c\cn less, and only 300 to 325 pounds of 
feed arc required per 100 pounds of gain. Ton litters at G months of age 
was the goal set up in some states 25 years ago. Toda), litters weighing 
2,000 to 3,000 pounds at that age arc fairly common, and a few litters 
have weighed more than 5,000 pounds at 6 months. 

Egg production per hen was increased about 81 per cent in the Inst 30 
>cars. The production of broilers has increased greatly and has become 
an important industry in the United States; the efficiency of production 
also has increased. In 1917, 124 weeks ami 12.3 jxjunds of feed were 
tequired to produce a S-poum! broiler. In 1952, 10 weeks and 10.2 pounds 
of feed were required to produce a broiler of the same weight; more 
reccntl), c\en better results arc being achieved on man) specialized 
poultry farms. 



4 Some Important Changes m Livestock Production 

CHANGES NOW TAKING PLACE IN LIVESTOCK PRODUCTION 

The past century has seen a great change in fanning and in the hie 
stock industry tn the United States Fanning has deieloped from sma 
family operation to large scale, big business operation Specialization ts 
now the keynote The old ullage general store of a few years ago has 
gnen way to the large, specialized stores ol today The farmer has turned 
from general farming operations, in many instances, to specialization in 
certain crops or livestock Furthermore, he has become more specialized 
as to the type of livestock he produces, whether the) are sheep, dair) 
cattle, beef cattle, swine, or poultry Or, to paraphrase the old saying, 
farmers are tending to put more of their eggs m one basket.” 

Now that farming has become a big business, fanners are doing away 
with the small time system of menial bookkeeping One cannot remember 
the milk production of an individual cow in the herd, even though some 
people think they can Most likely to be remembered is that a particular 
cow produced a large pail of milk when she first freshened, but how 
quickly she slackened off in milk production is soon forgotten The cow 
that gives an average amount of milk when she first freshens and main 
tains this level of production long into the lactation period is perhaps a 
better money maker than one whose production starts at a high level and 
declines rapidly 

The livestock industry in America is now facing increased competition 
for the home markets from substitute and synthetic products For instance, 
oleomargarine has supplanted butter on most dinner tables of the working 
class Lard is almost unheard of around the kitchen, with the increasing 
popularity of vegetable shortenings Vegetable oils are not only an excel 
lent product, but they can be produced more cheaply than animal fats 
Nylon orlon, and other synthetic fibers have put the silkworm out of 
business and are crowdmg the sheep from the forefront as a producer of 
clothing fibers 

"Io meet fms competition farmers will have to use greater care in the 
selection and breeding of their livestock They will have to keep good 
records on each tnd.s.dual and carelull) study these records to continue 
to make a profit m a livestock enterprise Farmers can no longer cull only 
those annuals that are noticeably below average ,n performance In the 

m ordel io r° m ' raaeas ' n 8 l > "««sary to cull substandard animals 
in order to meet competition. 


THE FUTURE OF LIVESTOCK PRODUCTION 
IN TH E UNITED STATES 
t he ptoducuon of lsseslock should continue .0 h. 
national economy she future as ,t has been the p ZCXsre m 
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signs which point to the need for increased efficiency in the years to come. 
In addition, there are certain indications that the livestock producer 
will be forced to pay more attention to the quality of the product he offers 
for sale than he has in the past. 

The population of the United States is increasing very rapidly. If it 
continues to increase at the present rate, it may some day become so large 
that there will be a problem of producing enough food. This might cause 
competition between humans and farm animals for the yearly production 
of cereal grains. The numbers of swine and poultry 7 would then decline, 
since these would be the chief animal competitors. Even if this problem 
should develop, more efficient production of livestock through improved 
methods of breeding, feeding, and management would help to solve it. 
Cattle and sheep would offer less competition for the grain production, 
for there will always be millions of acres of land that can be utilized only 
for grazing purposes. 

One other fact points to a greater need for efficiency in livestock pro- 
duction, Most of the tillable land in the United States is now in produc- 
tion, except some areas where irrigation could be practiced if water were 
available. Furthermore, thousands of acres of fertile farming land are 
being taken out of production by the growth of cities and towns and by 
the expansion and enlargement of “super” highways. Therefore, increases 
in the future food supply will have to be brought about by more efficient 
production and not by cultivating more new land. 

Most farmers today are not thinking about increased produedon, but 
rather about the present farm crop surpluses. We should look to the fu- 
ture; we should not let temporary farm surpluses restrain progress in 
research. The development of new methods for the improvement of the 
efficiency of livestock producuon is a great challenge to research workers 
all over the world and should become increasingly important as time 
goes by. 

References 
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Questions and Problems 

1. Why were purebred registrs associations formed? 
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2 Trace the history of animal breeding research and practices from the time the 
first animals were imported from abroad to the present time 

3 List several reasons why efficiency of production of livestock may become in 
creasingly important m the future 

4 If the United States should become overpopulated in the years to come what 
class or classes of livestock may be decreased in numbers? Why? 
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Some Misconceptions about Genetics 

and Animal Breeding 


Modern-day genetics had its begin- 
nine in the year 1900, when the research paper by the Austrian monk, 
Gregor Mendel on the inheritance of certain ,-aits m plants was redis- 
covered. This report was first published in 1865. bid received Untie at en- 
tion at the time. Mendel carried out h,s expenmen s o carefully and 

interpreted the results so accurately t at many Subsequent re- 
theories he described at that time stil io t true . . . ;t is now 

search has shown that his basic ideas were sounc , genes 

known that a single trait may be affected by many genes and that genes 

interact in various ways in their expression. m , nv strange and 

Even after Mendel's discoveries 1 .y (() tI / e present day . 

false ideas about inheritance, some P pm to have 

To the person who has not ^"‘Tt'reems advisable ^discuss briefly 
some foundation. For this reason, 1 

some of these misconceptions. . f w :n 

In this chapter, we shall frequently refer to nutations. This term 

be discussed in detail in Chapter X. 


maternal IMPRESSIONS 


one false belief is that an unborn tat, .can be^orn 
mother is frightened by some objec g P ^ > sheep . Shortly 

this occurred in the development o the ^ ^ &th w J ight , no . 
after the Revolutionary Uar a Ne k g ^ ^ crookcd ]cgs Berausc 
ticed in his flock a ram lamb with \ r> , msilv Mr. Wright 

this lamb was short-legged and cou1 ^ n0 | h J . 1 *^ to the cues’ in his flock, 
decided to start a new breed by tha[ the sheep re- 

He named the breed ' Otter bccau , 
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Same Misconceptions about Genetics 



FIGURE 1 The presence or absence of horns in cattle 

IS DETERMINED BY GENES WITH THE ABSENCE OF HORNS DOWl 
SANT TO THE IlORNED CONDITION (COURTESY OF THE AMERI 
can Hereford Association ) 

semblcd an otter in length of leg and body conformation, he thought that 
the mother of that first crooked and short legged lamb had been fright 
ened by an otter during pregnancy Modem day geneticists recognize that 
thi occurrence of the strange ram lamb in Mr Wright s flock was due 
a mutation or change m certain hereditary factors in the germ plasm 
' of the lambs ancestors and not to the frightening of its mother The 
term /lncon, incidentally is derived from the Greek word meaning ‘ bent 
elbow 

Even today some people still belies e in maternal impressions In a 
small community in south Missouri a few years ago a baby was bom with 
a large mark on one cheek that resembled a patch of fur Some local 
residents claimed that the mother had been frightened by a rat before 
the child was born 


INHERITANCE OF ACQUIRED CHARACTERS 

Another misconception people have is that the offspring can inherit 
some change in the parent (or the ancestors over generations) acquired 
as an effect of the parent s environment This can best be explained by 
citing examples 

Moil livestock producers knov. that some bTeedj ol beet cattle are 
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horned and some are polled (have no horns). The polled character is 
desirable in the feed lot because the cattle fight less, need less trough 
space, and cause less injury. Some people have believed that the polled 
cattle originated because the horns were removed from breeding animals 
for many generations and this repeated removal finally caused the ap- 
pearance of naturally polled calves. 

How did polled cattle originate if acquired characters are not inherited? 
With our present knowledge of genetic principles, we know that the pres- 
ence of horns, or their absence, in cattle is dependent on certain inherited 
factors which sometimes change from one generation to another. We also 
know that the rate of appearance of polled calves in a horned herd is 
about 1 in 20,000. Together, these factors indicate that the appearance 
of polled calves from horned parents is the result of a mutation or sudden 
change in the hereditary factors in the horned parents. 

The origin of the polled breed of Hereford cattle is interesting. Warren 
Gammon and son of Iowa are credited with the breeding of the first 
polled Herefords. 2 These men communicated with hundreds of breeders 
of purebred horned Herefords all over the United States in a search for 
breeding stock that were naturally polled at birth. In other words, 
they searched for the polled animals in horned herds where muta- 
tions had occurred. They found and purchased seven polled cotvs and 
four polled bulls. These served as a foundation for the polled Hereford 
breed. The Gammons increased the numbers of polled cattle by proper 
mating and selection among the offspring of the polled parents. Some 
matings also were made in which polled cattle were mated to horned 
cattle; the polled calves from these matings were saved for breeding pur- 
poses. The fixing of pureness for polledness in the breed has been diffi- 
cult, but it can be done and is now easily understood from a genetic 
standpoint. The genetic reasons for this will be explained in a later 
chapter. 


FIGURE 2. A MATURE 
RAM WHICH WAS BORN 
WITH A SHORT TAIL. 

This was not due to 

THE FACT THAT THE 
TAILS of his ancestors 
uad been DOCKED BUT 
BECAUSE SOME CHANCE 
OCCURRED IN THE CERM 
FLASM OF HIS ANCESTORS. 
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Most farm boys who have raised sheep know that it is desirable to dock 
lambs (cut off their tails) at an early age. One of the main reasons for 
doing this is to prevent screw worm infestations around the base of the 
tail in warm, moist weather. If the tails of lambs are not docked, manure 
and urine residues collect and often produce a moist condition near the 
base of the tail where screw worm eggs may be deposited and develop into 
the screw worm larvae. The larvae, after hatching, burrow into the flesh 
of the lamb and cause considerable damage or e\en death in some cases. 
The tails of lambs have been docked on most farms for many years 
throughout the United States. If acquired characters are inherited, we 
should have many breeds of sheep by now which are bom with short 
tails. This, of course, is not the case. 

A few years ago. lambs with short tails were bom in a herd of sheep 
in central Missouri. An examination of the herd records indicated that 
the short tails were due to a mutation or change in the inherited factors 
of some of the lamb’s ancestors. The inheritance of this trait does not 
seem to be simple, how'ever, and it has not been possible to develop a 
breed of sheep all of which have naturally short tails Some lambs sired 
by a short-tailed ram have short tails, some have tails of medium length, 
whereas others have tails of normal length. It appears that this trait in 
sheep will be much more difficult to fix in a breed than polledness was 
in cattle. 


TELEGONY 


This is the name for those instances in 
influence all other offspring of the female 


which a sire is supposed to 
to which he is mated even 


5 T, " : s, “ *-'■> MM or these ciltt had a wran 

»ELT or MEOILM E-IOTII. YtI SKOn ^ VAW ATIOy 

,W " '“'T. TO OLE LIIK H , S m , " 
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when she is mated to other males. This is just a superstition and has 
no proof, yet there are many breeders today who st.ll believe that it is 

‘"The idea of telegony probably originated in England many years ago 

later offspring from other males. This. deal, as «* P m nQte ^ 
and it is certain that telegony does n on their g bod i e s, since 

the pure Arabian colts could have 1 id^ ^ does carTy stripes that 

it has been found that the Arabia 

are usually covered or hidden by the more solid color. 

INFLUENCE OF AGE OF PARENTS ON TKE INHERITANCE 
OF THE OFFSPRING 

The age of the parents atU» :U™ ot mating ^no mfluen« on the 
heredity of their offspring. This with which it was born. 

throughout its life the same herediy jn the animal of gene 

One possible exception to this « Exposure to radiation, for 

mutations, and these may acc ™“ la oc( J in the body cells, they have 
example, can cause mutations. If transmitted. If the mutations 

occur in the germ cells, they can ^ of eaC h of their off- 

Each parent contributes equa y , he sperma tozoon (male sex 

spring. Their contribution . w ^ J m ^ nw individuaI . 

cell) and the ovum (female sex ce ) either parent after 

No additional inheritance is give c£ , her offspring during the 

that time. The mother has a gre. of a hcred itary nature. In 

early part of its life, but this indue isI)CS the young within her 

farm animals, the mother carries an um ;i t |, e y are born. In 

body from the time the 7° unS , through the milk she produces 

addition, she usually nourishes tl y S inn g ucncc tlie s i zc and Iicalth 

until they are weaned. The mother • fce( , s an(1 carcs f or j t during 

ot her young, depending on how ' ^ ^ Thc only inffuencc the 

the period when it is entirely through the inherited factors it 

male farm animal has on its you g 

transmits through the male sex cc . n as already mentioned. 

From the standpoint of genetic ma - p. • , hc cau!c 0 f her 

the age of the bull to which a young heifer is orcr 
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difficulty at calving time. The bull can influence the size of his calves at 
birth only tnrough inheritance, as has been shown by several experiments. 
In general, a heifer produces larger calves and has more difficulty at 
cahing time when bred to a bull with a large frame, regardless of his age, 
than \shen bred to one with a small frame. 
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Questions and Problems 


1. What is meant by maternal impressions? Does the mother 
spring in any way? Explain. 


influence her off* 


WhV. h r™, ST r y T. thi ' ,k act > u ' r " 1 characters ere rot inherited. 

dVt hV bee h T 1 d l n occutT 'nce of some trait in the offspring 
that ha, never been ob, erred m the parent, or ,„ y „[ , hcir ancesto J 

Explain^ “ 5 ' °‘ male P lrem ^ size ot the ofhpnng at bird,’ 


4 


Exjdam 6 356 0l 1116 female P arent influence the 


size of the offspring at birth? 


5. my do tome parent, have offering that do not rraemble then, in ,ome traits’ 
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The Formation of Sex Cells— 

Carriers of Inheritance 


Many years ago scientists thought 
that life could arise spontaneously front 0 f “ow 

learned more about blol °^ '^g' 'from pre-existing forms of life 
scientists agree that all life must sp g r ^ known o£ ven . 
through the process of rcprocluctio . 8 individuals from non- 

Red spontaneous generation (development oi B 

living matter). nro ducer is aware of the fact that 

Even the very youngest Uvesto p ma , es (he species be£ore 

cows, ewes, mares, and «««““£ w that the new life in some way 
they can produce young. Thus, th y the young resemble their 

comes from both parents and that in Y ; 

parents for recognizable traits. individual, results from 

Reproduction, or the development of a ne an d , 

the union of an egg, or ovum. P™ducedby are so 

spermatozoon produced by the • wj[h a micr oscope. Each sex 

minute that they can <>“»* *>' “ inheritance possessed by each parent, 
cell carries a sample one-half ot tne , ess that one wonders 

Reproduction is such a delicatc and c P. rcproduction is a com- 

that farm animals are so fertile. T P > . ^ liave bee n written on 

plete and fascinating subject and ma > • complex mechanisms 

the subject. The purpose here is not m d.scu ^ ^ „ expIain thc 
involved in the physiology of rep from , 1)e parents to tlicir ofh 

nature of thc hereditary material P- n5lircs that eadi new offspring 
spring and thc mechanism involved u tlic other one-half 

receives one-half of its inheritance from ns 
from iu dam. 

13 
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THE CELL 

The bodies of all animals are made up of microscopic “building 
blocks’ called cells The body contains man) millions of cells of different 
sizes and shapes They are all alike in that they contain two major parts, 
the cytoplasm and the nucleus This is illustrated m Figure 4 The outer 
portion of the cell is the cell membrane , which serves as a framework and 
maintains the shape of the cell By proper staining methods, cells can be 
seen to contain an oval shaped body more or less near the center called 
the nucleus The nucleus might be said to be the heart and brain of the 
cell, and it is the part that is important in inheritance The material 
between the nucleus and the cell membrane is called the cytoplasm 
Within the qtoplasm are various bodies that play important parts in the 
function of the cell but, at least in farm animals, have little or nothing 
to do with the transmission of inheritance 


THE CHROMOSOMES 

When the cell is properly prepared and stained, a number of thread 
like bodies appear within ihe nucleus These microscopic threads are 
called chromosomes One of the outstanding facts about the chromosomes 
is that they are present in pairs in the body cells The members of each 
pair are sery similar in appearance and might be called twins Geneticists 
call these pairs homologous chromosomes, which is another way of saying 
word me ar ' ' Cry "“I* a '^ e ‘ n a PP earanre ('koto comes from the Greek 
proportion)'”^ 01 ' h ' “““• and h « ous tr °"> *<= meaning 

ho^'t^X,!!!!”' 5 ° E £ T m ammal5 d,fI " ■" 'he number of pans of 
nomoiogous chromosomes their cells no««c 1 , «- 

cult to count, but it is cenerallv Chromosomes are very diffi 

and horses SO u F d that swine P° ssess 19 P airs » cattle 

single species of farm a * ^ V paitS ° n the other hand, within a 
constant, eg, swine has^ 19m * ' " un,ber ol P alrs of chromosomes is 
of the breed Tire same tn, "V omoIo S ou s chromosomes regardless 
the different breeds possession 'the n ' ° Iher s P ecles ° [ farm animals, all 
“'"ristic of that panicutar secies Umb ' r ° E P31rS ° f chromosomes eh 3 ' 

It u important to relS^f'^T'” 0 ™' 5 “ dlsllnct Ir °m 'he other pairs 
each pair of homologou, ctom^ a lT d,V ' dUaI rece,ves one member of 
b« from iu mother Each r ° m ,tS father and the other mem 

o'lipnng one member of each'ot^ot^i!! 1 ™' pa5s on to each o[ 
one of tile members of each m.r.t, chromosomes it possesses Which 

* pair the individual will recuse from its par 




_ A Hi Am AM or A TVrlCAL CELL BASED ON STUDIES 

FIGUR • tLE <rreos mickoscoi-e. Tins snows that 
^ rcnx. MUCnMinu. COM.-UX than was tiiouciit SIX- 

rRAI. VKA« AGO. (COURTCSV OP TUP. Sri«l./iC -(«««•) 


1 . imoii cliancc, ami there is no way ot predicting which 

ent is dependent >'P«» u f . ic[ rcniemb er is that hot!, members of 

it will he. Anothc I o(t ring> blll OI ,ly one of each pair, 

a pair are not passed > m t * U|is . studies D f human chromosomes 

There arc some > > imlivkUt;l , 5 , mongoloids, possess more than 

ST.SS of chromosomes for the species. Humans normal.,- 
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FIGURE 5 Chromo 

SOMES OF THE HUMAN 

*> H 

female (Courtesy of 
Tjio and Puck, Pro 


ceedtngs of the Na 

4 

tional Academy of Set 
ences, 44 1229 1958) 


possess 23 pairs of chromosomes but mongoloids possess an extra chromo 
some or a portion of one It has also been found that an extra X (sex 
determining) chromosome is present in the body cells of individuals af 
flicted svith a disease called Klinefelter s syndrome Also it is theoreti 
cally possible for individuals to possess less than the normal number of 
chromosomes but this situation probably is lethal, for such individuals 
have not been observed 


FIGURE 0 \LL OF THE INHERITANCE THAT AN OFFSPRING 
RECEIVES FROM ITS PARENT COMES FROM THE OVA AND THE 
SPERM %% tttCII UNITE IN THE PROCESS OF FERTILIZATION MlL 
LIONS OF SPERM ARE EJACULATED AT ONE MATING FOR EACH 

o 7 s ESE) BY T,,E FEMALE (CoURTESY OF University 



Sow Ovum 
(340 x) 
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formation of the sex cells 

The breeding value of farm animals depends upon their ability to pro- 
duTe' a large number of high-quality offspring. Basically, dm abtltty de- 
pends onfhe production of normal viable sex cells by both the male and 
female* sbcrmatozoa by the male, and ova by the female. 

“sfxceUs differ from body cells in that they “n-n oMy one mem- 
ber of eacli pair of homologous chromosomes (haploid number In) m 
stead of bothmembers (diploid number. 2n). For instance. eadt body cel 
in the Pig contains 19 pairs of homologous chromosomes, or a mtal ot 

38. Each sex cell contains 1 division that results in the 

total of 19 chromosomes. I . of jhe chromosome number 

formation of the sex cells and the ha g forma- 

is hum™ as meiojis. This “casernes from gen- 

tion in order to maintain a consta dinlniri rather than 

eration to generation. If reproductive ce of the P number of chro- 

the haploid number of eration Soon the chromosomes 

mosomes would result m each ™ g ^ ce „ division and growth 
would become so numerous in each 

of the body tissues could not occur in a normal mann . 


SPERMATOGENESIS 

. . c „f rr.prmatozoa formation which takes 

Spermatogenesis is the process P The ma i e p 0sses ses two 

place in the testes of the norma , ^ vithi n each testicle are many 

testicles, which are carried m the s ■ staining and preparation of 

small tubules, which can be seen J ' tubules and in them 

the testicular tissue. These are called sem,n ’’ er ° l 

the development of the ^^“‘^“^^.ndiagrammatically in Figure 7. 

The process of spermatogenesi £r ? om wh ich the spermatozoa 

The original cells in the semimfe s p er malogonia. These are also 

develop are the primordial germ means lhat they are the original 

often called "primitive’ germ cell . The primordial germ cells 

cells from which the spermatozoa ho ^ o]ogou5 chr omosomes. Thus, 
contain both members of every P a r lliat particular species, 

they contain all of the pairs of chro £ ee . ^ o£ i lom ologous 

For purposes of illustration, howe'er, 

ciiromosomes are shown in Figure 7. ^ division and forms two 

The spermatogonium goes throug i re S“ e diploid number of chromo- 
primary spermatocytes, each containing ^ ^ each me mber of a 

somes. Proper staining methods show, ’ d 0 £ two homologous 

pair of chromosomes has doubled, so 
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C m h «r B 0 fou,U u « £ f0 'L7 1U5 " lhc lEtrad (from ,h= Greek svor 
- ce"f^“ 8 La r m the ne, 

•permatocjtcs and these B n e nSC “ ‘" 0 secondaI 

chromatids appearin'* in a nr lota ° I° ur spermatids The fot 

throughout tno dll mom w™a?ea P ch™ al0C V e “* d,s,n buted equall 
tvo chromatids and then Ch secontlar y spermatocyte recen< 

then agam becomes known as a ^ ** chro^,al,, 

* n ^“* ■* *I»cnnatjds (each In) )“* 2 secondary spermatocytes (eat 

The *P«inaiHl represents the r,„,i i 
«oroa formation During us desclonm '' 1S, ° n ,n 11,6 process of sperm 

C ars ” ,n Jom > occur. *iuch rise thf^ri * nt ° 3 s P erma to*oon certa 
6 c me ceil motility 
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The spermatozoa of the Afferent spec.es of farm --al a e ™ry s.m 
far in form and structure T.gure 8 shows a mature spermatozoon an 
parts The head of the sperm cel, consists almost » 

ter.al and thus carr.es the chromosom Tl mechamim wh)ch 

formed from the cytoplasm, and cont. time in one sense, 

speeds the spermatozoon toward the egg ; h ^ warhead _ contaimng 
the sperm cell may be compared to a t p warhea d of the sperm 

an explosive, and a propelling ™ e £ hanlS matena l, the tail and mid 
would be the head, containing the here 1 ‘ ) 

piece would be the propelling mecha " 1S ™ ‘ er WO uld contain billions 

Spermatozoa are so small that a cu ^ such a tin y cell could be 

of them It is startling sometimes to inheritance 

of such vital importance from the sta " P”'™ ° rom 800 million to 20,000 
Normal, fertile, male farm t amma ^ p i ^ ^ mfluenced by many 
million spermatozoa per ejaculate ozoa are delivered to the 

factors Nevertheless, many millions o p 


TABLE 1 


SEMEN PRODUCTION IN MATURE MADE FARM ANIMALS* 


Class of 
Farm 
Animal 

Semen Volume 
per Ejaculate 
m c c. 

No Sperm 
per mm 3 of 
Semen 

No Sperm 
per 

Ejaculate 

Life of Sperm 
xn Female 
Tract 

Boar 

200 

100,000 

60,000 

20 billion 

24 to 40 hours 

4 to 6 days 

Stallion 

100 


28 to 30 hours 

Bull 

Ram 

5 

0 8 

1,000,000 

800 million 

34 to 40 hours 


‘Average and approximate figures 
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female reproductive tract during a single service. From 60 to 70 per cent 
of these cells are capable of uniting with the ovum to form a new indi- 
vidual. but onl) one is needed. The presence of great numbers of sperma- 
tozoa increases the chances that one will meet and unite with the ovum. 


OOGENESIS 

The production of female reproductive cells occurs in the ovary, and 
the process is called oogenesis Each ovum develops from a primordial or 
primitive germ cell, the odgonium The steps involved in oogenesis are 
outlined in Figure 9. The process of oogenesis is similar to that of sperma- 
togenesis with respect to meiosis, that is, the divisions effecting reduction 

FIGURE 9 Schematic diagram of oocenfms is farm 
animals. (Only three pairs of homologous chromosomes 

ARE LIED AS AN EXAMPLE.) 
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of chromosome number. The 4n condition appears in the primary oocyte 
and the In condition in the ovum. 

The way ovum production differs from sperm production is in the dis- 
tribution of cytoplasm during meiosis. From Figure 9, it may be seen that 
only one functional ovum results from each primary oocyte, whereas four 
functional spermatozoa result from each primary spermatocyte. From the 
division of the primary oocyte, the products are one relatively large cell, 
the secondary oocyte, which receives practically all the cytoplasm, and 
one much smaller cell, the first polar body, which receives practically no 
cytoplasm. (These two cells each have the 2n condition.) Again, in the 
division of the secondary oocyte, one product, the ovum, receives practi- 
cally all the cytoplasm, and the other, the second polar body, receives 
practically none. (The ovum and the second polar body each have the I n 
condition.) The polar bodies are resorbed by the ovarian tissue, although 
it is possible that the first polar body (2n) goes on to complete meiosis 
to form two more cells (each In). In either case, none of the polar bodies 
is functional in the remainder of the reproductive process. 

The two main features of oogenesis, then, are the production of an 
ovum containing the In number of chromosomes and the development 
of a large amount of cytoplasm or yolk that is responsible, at least par- 
tially, for nourishing the newly formed individual until it makes contact 
with the uterus and blood supply of the mother through the placental 
membranes. 

Female farm animals produce a limited number of ova at the time of 
mating. The mare and cow usually produce only one, whereas the ewe 
produces fi om one to three, or sometimes more, and the sow from 15 to 
20. Ovulation, or the release of the ova from the ovary, usually occurs 

TABLE 2 

REPRODUCTION IN MATURE FEMALE FARM ANIMALS* 


Class of 
Farm 
Animal 

Number of Days 
Between 
Estrous Periods 

Length of 

Estrous 

Period 

Time of Ovulation 

Life of Ovum 
After 
Ovulation 

Sow 

mm 

i 2 to 3 days 

Second day of 
estrus 

24 hours 

Mare 

■I 

5 to 6 days 

24 to 48 hours 
before estrus | 
ends 

4 hours 

Cow 


15 to 2D how-Sj 

14 hours niter 
end of estrus 

20 hours 

Ewe 

■ H ^ H 

24 to 30 hours j 

One hour before 
end of estrus 

24 hours 


•These figures arc averages and only approximate and are subject to considerable \ar~ 
latlon 
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while the female is in heat, although sometimes ovulation does not occur 
until after the end of the heat period. By this timing, mating occurs when 
the release of the ova and the introduction of the spermatozoa into the 
female reproductive tract coincide. Mating at the proper time is impor- 
tant, because the egg lues only a few hours after it is released from the 
ovary unless it unites -with a spermatozoon. The life of the spermatozoa 
in the reproductive tract of the female is also limited to only a few hours. 


FERTILIZATION 

Fertilization is the process in which the sperm and egg unite to form 
a netv individual. It occurs within the reproductive tract of the female 
within a few hours after the ovum is released from the ovary, usually in 
the upper part of the Fallopian tube. 

From a genetic standpoint, the important feature of fertilization is 
that it restores the chromosome number of the new individual to that of 
the parents, so that once more the homologous chromosomes are paired. 
Thus, one member of each homologous pair is brought to the new in- 
dividual by the spermatozoon and the other member by the egg. 
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RELATIVE IMPORTANCE OF SIRE AND DAM 

The sire and dam contribute equally to the genetic make-up of each 
offspring. Genetically, then, for a single individual the sire and dam are 
of equal importance. 

The sire is more important from the genetic standpoint, however, when 
the entire herd is taken into consideration. For example, consider a herd 
of 30 beef cows which are mated to a single bull and each produces a calf. 
In this case, the bull supplied one-half of the inheritance for all 30 of the 
calves, whereas each cow supplied only one-half of the inheritance for 
the one calf she produced. This is why the bull is the most important 
single individual in the breeding herd, and great care should be exercised 
in his selection. This does not mean, however, that cows are not impor- 
tant also, aside from the genetic aspect, because they nourish each calf 
from conception to the time it is weaned and can have a great influence 
on its growth and development throughout its life. 
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Questions and Problems 

1. Name the different parts of a cell. 

2. Which is the most important part of the cell as far as the hereditary material 
\ is concerned? Why? 

| 3. What is the major difference between the body cells and the sex cells? 

( 4. List the main differences between the processes of spermatogenesis and oogen- 

esis. 

i 5. Which is the most important single indi\idual in a herd? Explain. 

6. What event occurs, important from the genetic standpoint, during the 
process of fertilization? 
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The Smallest Unit of 

Inheritance— the Gene 


The use of refined techniques a? 
more effective equipment has yielded excellent results in recent years, 
the study o! the gene and has added a great deal to the knowledge o 
nature and [unction of the gene. Much more will be learned in tne 
ture This phase of genetic research has reached the exciting stage, » 
much effort is being spent in more intensive studies on the nature o 

gene- . . rv 

A knowledge of the gene and of some of its functions is necessary 
obtain a good foundation in the principles of animal breeding *1 
chapter -will discuss some of the fundamental concepts of the gene and 


THE GENE 

The gene is the smallest biological unit of inheritance, and it is 
on a chromosome. Hundreds and possibly thousands of genes are earn 
on ea chromosome, each in a fixed or special position called a 
*L eX ' S . t f enc ? °* a P art *cular gene can be determined genetically ° 
observed 31 ^ Cast tWO * onus having different effects that ca° ' 

and they usually affecTa^rait in” f0nM ”* allelam °' { ’ 

-nottLTrn with the ord^ 
to enlarge the gene ' W ' ““'d use a microscope posverful 
loot lor. Nevertheless to visible size, we could not be certain 
the gene b " ta ' e bce " ** » leam quite a lot .W* 

The chero'nal'comnnsh' 03 ^ ™ cth °ds ol study. „ 

the chemical analys\ ! P ^' th ° 1 ' ° ! ,he 8 me has been studied indirect!?’ 

' chromosomesa Chromosomes have ah® 
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studied by special staining techniques, by their absorption of ultraviolet 
light, and by digestion experiments with the enzyme, deoxyribonuclease, 
and with proteolytic enzymes. These studies have shown that the chromo- 
somes contain proteins and nucleic acids bound together in the form of 
nucleoproteins. 

Two kinds of nucleic acids occur in cells . 4 These are DNA, a short term 
for deoxyribonucleic acid, and RNA, or ribonucleic acid. Deoxyribonu- 
cleic acid is always found in the nucleus of the cell, and mostly in the 
chromosomes. Proof of this is the fact that twice as much DNA is found 
in the diploid body cells as is found in the haploid sex cells. RNA is 
found mainly in the cytoplasm. Chemically, these two nucleic acids are 
very similar. Each consists of a long chain of phosphate and sugar mole- 
cules with small side groups, called bases, attached to the sugars. DNA 
contains the sugar, deoxyribose, whereas RNA contains a slightly differ- 
ent sugar, ribose. Chemical studies and studies with viruses suggest that 
DNA is the primary genetic material, and that a gene is a segment of a 
DNA molecule. Electron microscope pictures show that the DNA mole- 
cule is long and rather stiff, like a piece of cord, and X-ray analysis shows 
that it is actually a double molecule or chain with one chain wrapped 
around the other in a helical structure. The bases connect two chains at 
various points. 

Proteins are the basic material of life; they are formed in the cytoplasm. 
It is now thought that the genes send codes for protein structure to the 
cytoplasm by means of RNA. A mutated gene, inherited from a parent, 
sends a wrong code , and a genetic defect may occur. A study of such de- 
fects gives a clue as to how genes function normally. 


HOW GENES FUNCTION 

Gene action can be determined only if it affects some trait in the indi- 
vidual. Most of the knowledge of gene action has come through studies 
of genetic defects, resulting from mutations. In some cases, the mutations 
have been caused by exposure of the individuals to X-rays, but in most 
cases they have been caused by some, as >et unidentified, factors in the 
external or internal environment. These studies have shown that the 
function of genes is chemical in nature. 

One of the first known cases of the genetic control of a specific chemical 
reaction was found in the rare metabolic disease in man called alcapto- 
nuria . 8 This disease is characterized by the hardening and blackening of 
the cartilage of the bones and the blackening of the urine when exposed 
to the air. The black urine is due to an accumulation of homogentisic 
acid. In the normal person, the enzyme is present that is responsible for 
the change of homogentisic acid to aceto-acctic acid, which is clear in the 
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urine The person with alcaptonuria lacks this ensure, so homogentis.c 
and accumulates in abnormal amounts in the unne. 

Phenylketonuria in humans is another example o£ insufficiency 
particular mi,me In thrs disease. phenylalanine hydroxylase, nwesar) 
for the normal metabolism of phenylalanine, is lacking. Abnormal metaD- 
olites accumulate in the tissues, and most affected indisiduals are idiots 
or imbeciles 

Albinism is a condition caused by an enzyme deficiency o£ genetic ori- 
gin. Albinos lack the pigment, melanin, in the hair, skin, and eyes. Mela- 
nin is probably formed from tyrosine through the action of tyrosinase. 
When tyrosinase is not acme, no pigment is formed in the individual. 


and it is an albino. 

Another group of genetic defects in humans appears to imohe the 
production of abnormal forms or the failure to produce a certain protein. 
Agammaglobulinemia seems to fit into this group, and has been described 
only recently 5 This term refers to the failure of production of gamma 
globulin in the body and its lack in the blood. A ness bom baby receives 



FIGURE 11 Diagrammatic representation of 
the Watson-Crick DN'A structure. P, phosphate; 
S, SLCAR, A, ADENINE T, THYMINE, G, GUANINE? C, 
CYTOSINE. The horizontal PARALLEL LINES SYM- 
BOLIZE HYDROGEN BONDING BETWEEN COMPLIMEN- 
TARY BASES. (From Missouri Agricultural Exferi 
xient Station Research Bulletin 588) 
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TABLE 3 

HOW GENES FUNCTION AS ILLUSTRATED BY SOME REPORTED 
GENETIC ABNORMALITIES IN HUMANS AND ANIMALS 


Genes 

(DNA) 

Code for Protein Structure 



Improper Function of Lack of Enzymes Other Abnormal Proteins 

Pit. Hormones (Proteins) (Conjugated Proteins ) or Lack of Proteins 


Dwarf Mice 

Alcaptonuria 

Hemoglobins S, 

(Growth Hormone) 


C, D, E, G, & M. 

Genetically Sterile 

Mice (Gonadotrophic 
Hormones) 

Albinism 

Agammaglobulinemia 

Lack of Libido in 

Bulls (Gonadotro- 
phic Hormones) 

Phenylketonuria 



Note Many other examples are known that could be added to this list, but these show 
how genes act. 


a supply of gamma globulins from its mother before birth, but this supply 
gradually decreases to near zero at four months of age Normally, the 
baby’s own gamma globulin production begins at about three weeks of 
age and reaches a high level by five to eight months. The lack of gamma 
globulins results in increased susceptibility to bacterial infections because 
of the lack of resistance from antibodies in the blood. 

A second example of genes in man that appear to function in the con- 
trol of the production of a particular protein is that revealed by the gene 
defect causing sickle-cell anemia 11 In the individual having this disease, 
the red blood cells have the shape of a sickle instead of the normal round 
shape. This disease is confined largely to populations in central Africa, 
southern India, and a region of Greece, or descendants of these peoples. 
In normal humans, only hemoglobin A is found m the red blood cells. 
The sickle-cell gene apparently results in the production of an abnormal 
form of hemoglobin called hemoglobin S. 

Individuals of genotype (actual genetic makeup) H e H a produce hemo- 
globin A and no hemoglobin S . Those of genotype H a H $ produce both 
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hemoglobin A and hemoglobin S and both are detectable in the blood 
with neither gene affecting the expression ot the other Individuals of t 
genetic makeup seldom have anemia and when they do it is slight Wh<3i 
the cells are deprived ol oxygen hotvever they may assume the sickle 
rather than the normal shape. This genetic , makeup is usually referred to 
as the sicklecell trait Individuals of genotype HJi, produce mostl) he 
moglobin S and usually die of anemia Studies of the hemoglobin in the 
blood of normal and affected individuals show that the two hemoglobins 
differ slightly in their electrical charge and can be separated by electro- 
phoresis and paper chromotography 

Individuals o£ the Hfl t genetic make up seldom live to reproduce, un 
less given frequent blood transfusions and special medical care Thus 
there is a strong natural selection against the H t gene However, in certain 
tribes in Africa it has been found that as high as forty per cent of the 
individuals in the tnbe were of genotype H a H f or showed the sickle cell 
trait This was very difficult to understand since HfH, individuals sel 
dom if ever, lived to reproduce Later work 1 show ed that the H a H t in 
divtduals were more resistant to malana than the normal H a H a individ 
uals and thus natural selection favored the H a H , individuals whereas 
both those which were normal or had sickle-cell anemia died at a more 
rapid rate 

More recently, sickle-cell anemia has been used as a very important 
means of studying the mode of action of genes 7 By a very detailed sepa 
ration and chemical analysis of the amino acids in the hemoglobin of 
normal and stckle-cell individuals it was found that the two hemoglobins 
contained the same types of amino acids but differed in the amounts of 
one of the polypeptides The peptide from the normal persons contained 
two glutamic acid units and one valine whereas the abnormal peptide 
contained one glutamic acid unit and two valines Thus valine replaced 
one glutamic acid unit in the abnormal hemoglobin The importance 
of this study was that a mutation caused an abnormal protein to be pro- 
duced This gives added support to the theory that a gene carries the 
code which controls the construction of the protein molecule for which 
it is responsible 

Evidence iv alio accumulating that hormone production by the p.tul 

*? ° r , ac * ,on ot thra ' b°rui ones may be under genetic control 

n Ihe V" ~ dl " ,lh ,hc that mutations result 

uituuaiT " dcIect1 '' P Tot eins Hormones from the anterior 

pituitary are protein in nature 

a hi 5™ '"rr hlS b " n Sh °'' n 10 be a 6 enetlc effect 10 resulttng m 
££££££* “ b> * he ~ g Hnd which 

genetic defect 0 Thc^ 5,nlm haI be ' n re P°«ed ,o be due to a 

genetic defect. 1 . The ovanes of die females seem to hate nonual repro- 
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ductive capacity but remain immature, either because of an inadequate 
release of gonadotrophic hormones from the pituitary or the inactivation 
of the hormones after their release. Ovulation, implantation, gestation, 
parturition, and lactation have been induced in these mice after a series 
of treatments with the various hormones. An inherited defect in bulls 
causing lack of libido (sex drive) has been attributed to the failure of the 
anterior pituitary gland to secrete adequate amounts of a particular hor- 
mone or to the inactivation of the hormone . 9 

Further study of such inherited defects should be quite helpful in de- 
termining how genes function in growth and reproduction in all specif, 
including farm animals, and could lead to improved methods of more 
efficient and economical livestock production. 


WHEN GENES EXPRESS THEMSELVES 

Many people are of the opinion that traits determined by genes are 
always present or visible at birth. This is not true, because the time 
which genes express themselves is variable. In sheep, an inherited condj. 
tion has been found in which the lambs are born with short tails. The 
genes for this trait express themselves early in embryonic life when the 
bones were being formed. Genes for eye color in humans usually begin 
to show their effects a few weeks after birth, and not at birth. A form of 
muscular dystrophy in humans is not expressed until the age of seven to 
fifteen years Hereditary baldness affects most individuals only after ma- 
turity, at 25 to 30 years of age. The gene for Huntington’s Chorea, ^ 
nervous disorder in humans, may not affect the individual until he 1*5 
past 50 years of age. 

The fact that genes do not always express themselves early in life may 
also be important in animal breeding It is probably unwise to make 
practice of selecting breeding stock at the time of birth. It is more advis. 
able to make selections at market age, for by that time the genes will hav$ 
expressed themselves in a favorable or unfavorable manner. 
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FIGURE 12 Variation in the expression of genes for 

TAIL LENGTH IN SHEEP 


Penetrance of a gene is the frequency of its actual expression of a 
trait as compared with the frequency at which it is expected to be ex 
pressed The degree of penetrance of a gene is usually referred to in terms 
of percentages and can \ary from almost zero to 100 per cent A gene 
which expresses itself only 30 per cent of the time is said to possess 30 
per cent penetrance \ 

Genes maj \ary in both penetrance and expressivity Little is known 
of the importance of this in selection for more efficient production of 
livestock except that environment can mask or change the way genes ex 
press themselves Often environmental effects are mistaken for gene ef 
fects and selection for traits so influenced is not effective This will be 
discussed in more detail in a later chapter 


SOME CAUSES OF VARIATIONS IN GENE EXPRESSION 

Man) factors may be responsible for variations m gene expression In 
general variations may be divided into two groups those due to external 
environmental condition, and those due to .mental environment 


External Factors 

OmTnhTw P‘ a > a ' er » tmponant part in the expression of genes 
“vanl.;^ m mhhr^ mpl “ °‘ ‘ h ' S «*“ “ a "‘” ala » >" the Hrma 
production of an ™ u res P onsib,e for coat pattern causes the 

P "* "* 15 ne “* ar y for the location of a black 

r SZt and ,a. am ’ = ° f ^ *uch a, the nose 

are white. The exnlana^'^T 1 ^ ' sheIeas llie mai[ r parts of the bod) 
form at no^^r^m^rrr ? *“ Ih = 
peratures hence pigment^ d<>eS Eomi at sll t’ !llI y loner tem 

ce pigment appear, the body ex.remrues where thi 
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temperature is presumably lower. A similar explanation has been made 
for the coat pattern in the Siamese cat. 

Studies of bread mold, or Neurospora, give a clue as to the possible 
explanation of the temperature sensitivity of the pigment-forming system 
in Himalayan rabbits and Siamese cats. 2 Melanin is formed in this or- 
ganism, and in one strain the pigment formation shows a strong tem- 
perature efFect. Cell-free tyrosine-containing preparations of a strain of 
Neurospora in which temperature does not affect pigment formation and 
a similar preparation of the temperature-sensitive strain show quite 
clearly that their differences in response to temperature are due to dif- 
ferent temperature stabilities of their tyrosinases. The tyrosinase of the 
temperature-sensitive strain is much less stable in vitro at 35°C. 

Sunlight is also known to affect the ability of genes to express them- 
selves. One example is found in certain Southdown sheep where hyper- 
sensitivity to sunlight is a heritable trait. 6 In affected lambs, the liver 
does not function properly, and there is a failure to excrete phylloeryth- 
rin, an end-product of chlorophyll digestion. This product accumulates 
in the blood stream and in certain areas of the skin, where it is activated 
by sunlight. Eczema develops over the face and ears, and the animals may 
even die if left outdoors; but if they are kept indoors and allowed to 
graze at night, they do not develop symptoms. Cancer eye in Hereford 
cattle is also thought to be inherited, 3 and many ranchers believe that 
the condition is aggravated in regions of intense sunlight, such as the 
southwestern portion of the United States. 

FIGURE 13. Cancer 

EVE IN CATTLE. THIS 
CONDITION 15 QUITE PREV- 
ALENT IN ANIMALS IN 
THE SOUTHWESTERN 

United States It is 

HERITABLE AND SEEMS TO 
BE INCREASED IN INCI- 
DENCE IN AREAS OF IN- 
TENSE sunlight. (Cour- 
tesy of the University 
or Texas, M.D. An- 
derson Hospital 8; 

Tumor Institute.) 
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Internal Factors 

OI the "various internal environmental factors which may affect genes 
expression the hormones arc probably among the most important Ear 
her we pointed out that a gene for dwarfism in mice apparently has US 
influence through the failure of the production of the growth hormone 
by the anterior pituitary gland Other genes for gross ill arc present but 
cannot express themselves because of the lack, of this hormone 
In humans there is considerable evidence that the tendency to con 
tract diabetes is inherited but this tendency often is not manifested un 
less the pancreas is overloaded by the individual s consumption of large 
amounts of carbohydrates over a long period of time 
The sex hormones are also known to influence gene expression Bald 
ness in humans is often hereditary but is expressed more often in the 
male The same is true of the mahogany and white color m Ayrshire 
cattle Boars are known to possess from 25 to 35 inches less back fat at 
market w eight than barrows from the same litters on the same kind of 
feed Bull calves on the average almost always outweigh heifer calves 
at weaning time and the difference seems to widen as the calves grow 
older Dairy bulls carry genes for milk production and roosters carry 
genes for egg production but neither of these traits is expressed in the 
males of the species 


FIGURE 14 Spotting in some breeds of cattle is due to 

A SINGLE PAIR OF RECESSIVE GENES BUT MODIFYING GENES 
CAUSE A VARIATION IN SPOTS FROM INDIVIDUALS WHICH ARE AL 
MOST WHITE TO THOSE WHICH ARE ALMOST BLACR. "TllESE 
THREE SETS OF IDENTICAL TWINS SHOW THE UNIFORMITY OF 
SPOTTING WITHIN TVS IN SETS BUT GREAT VARIATION b£^ 
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Genes on one pair of chromosomes may modify the expression of an- 
other pair of genes on a different pair of chromosomes. These are called 
modifying genes. Spotting of the co'at in Holsteins is due to a single pair 
of genes. Yet, coats vary from almost white to almost black, and have 
black spots of various sizes. Selection in either direction for size of spots 
is successful, indicating that other genes (modifying genes) are responsi- 
ble for the expression of the genes for spotting. The possibility of the 
existence of other modifying genes in farm animals could be important 
from the standpoint of avoiding errors in selective breeding for important 
traits. 
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Questions and Problems 


1. What is a gene and what arc some of its most important properties? 
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2 Give several examples of inherited defects which illustrate how genes func 
tion 

3 What evidence do we have that genes do not alwajs express themselves at 
the time of birth? How could this be of importance to the animal breeder? 

4 What are some of the causes of variations in gene expression? 

5 Why is it of importance in animal breeding to know why genes vary in their 
expression? 




Types of Gene Action— Large 

Monofactorial Effects 


In the previous chapter, it was 
pointed out that each chromosome carries hundreds and possibly even 
thousands of different genes. Some of these genes affect only one trait, 
whereas others affect several. Also, the same trait may be affected by 
many different pairs of genes. A thorough knowledge of the different 
types of gene action is important in order to understand and use genetics 
to devise satisfactory mating and selection systems for the improvement 
of farm animals. 


DOMINANCE AND RECESSIVENESS WITH ONE PAIR 
OF GENES INVOLVED 


Now let us see just how genes work together to bring about the ex- 
pression of given characters. Take, for example, the condition of horns 
in cattle. The symbol P will be used to designate the gene for absence 
of horns and p to represent the gene for presence of horns. If a pure 
polled bull ( PP ) is mated to a group of horned cows (pp ), what kinds of 
calves will be produced? The calves receive one-half of their genes from 
the bull and one-half from the cow. It can be seen from the following 
diagram, which shows a single mating, that the calves will receive the P 
gene from the sire and the p gene from the dam, for the sire carries only 
genes for polledness, and the dam carries only genes for horns. 


Polled bull Homed cow 

(genes PP) X (genes pp) 


Gene in sperm — P p — Gene in egg 



Genes in the offspring 
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The polled gene (P) is said to be dominant. Therefore, tfie cahcs 
all be polled e'en though the) also tarry the gene for lmrnt. The ahilit) 
of the polled gene to block out or to'er the expression of the horned 
gene is called dominance. Tile gene for horns, then, is said to he recessive 
to the polled gene, because it takes a back scat, so to speak, in its p res * 
cnce When two genes affecting a character in different manners occur 
together in an individual, and occupy identical locations on each member 
of a pair of homologous chromosomes, this individual is said to be 
erozygous (in this, the calves, Pp). For this reason, all of the calves from 
the mating of a pure polled bull to pure horned cows vs ill be hctcrozy- 
gous, that is, each will carry one gene for horns and one for polled. These 
two genes in the heterozygous animal arc called alleles (allelomorphs) of 
one another, because they both affect the same characteristic in the indi- 
vidual but in different manners When the two genes affect the character 
m the same manner, as is the case in the horned cows {pp) and the polled 
bull (Pi 3 ), the animal is said to be homozygous This genetic construction 
is called the genotype The expression of the genotype is called the phe- 
notype. 

What would the offspring be like if two of these heterozygous polled 
(Pp) individuals were mated’ If wc remember that genes occur in pairs 
in the animal s body cells and that one or the other of these genes of each 
pair is present in the sperm or egg. wc can see that each of these polled 
individuals, which arc heterozygous, can produce two kinds of sex cells- 
One sperm or egg will carry the gene P and the other the gene p - By a 

i a gram that combines the genes from the eggs and the sperm in all pos- 
sible ways, n can be seen that one half of the offspring have the same 
^" 0t \ P f. as lhe P^nu. one fourth have the same genotype as 

a o t e po ed grandparent, and the other one fourth have the same 
genotype as that of the homed grandparent 


Polled bull 
(genes Pp) X 

Genes in sperm 
Pot p 


Polled cow 
(genes Pp) 

Genes in egg 
P or p 


Feasible combmauoaj of spenn ^ ^ 


1 PP 
2Pp 
\pp 


p U !fJ°,V X>ll ' d l hom ‘«ygous) 
rolled (heterozygous) 

Pure for horns 
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It will be observed that three genotypes appear, in a definite ratio 
1 PP 2 Pp 1 pp This, then, is called a genotypic ratio Two of the geno 
types give rise to the same phenotype, however And the distribution of 
phenotypes m the offspring is called the phenotypic ratio All the calves 
carrying Pp and PP are polled, while only the one carrying pp has horns 
From the above diagram, it can be seen that the phenotypic ratio in the 
offspring of this mating would be 3 polled 1 horned 

The PP and the pp individuals are said to breed true, or to be pure, 
since they are homozygous and can pass onl) one hind of gene to their 
offspring The Pp individuals, however, never breed true, that is they do 
not have 100 per cent Pp offspring, because they are heterozygous and 
pass two hinds of genes through their sex cells to their offspring 

From the foregoing discussion, we can state some facts that must be 
remembered clearly for a better understanding of the inheritance of a 
trait where only one pair of genes is involved These are (I) genes occur 
in pairs in the body cells of the individual, (2) one of each pair came 
from the father and one from die mother, (3) the genes of a pair separate 
during formation of sex cells, and (4) on fertilization, the genes are re 
stored to the paired condition 

The law of chance determines which sperm and which egg will com 
bine at the time of fertilization to form the new individual The 1 2 1 
genotypic ratio for the offspring of two heterozygous (Pp) individuals 
works well on paper, but under practical conditions the actual ratio may 
be far from the expected Actually, when a small number of offspring 
are produced from such a mating, all might he of one genotype of either 
PP, Pp, or pp The larger the number of offspring produced, however, 
the more likely it is that the expected ratio will occur A similar condi 
tion is observed m the number of boys and girls that may occur m any 
one family The chances of any one baby being a boy is one out of two, 
for it has an equal chance of being a boy or girl Yet, many of us have 
seen even large families where all the children are of the same sex This 
happens because of the law of chance This will be discussed more fully 
in the chapter on probabilities 

Six different kinds of matings, with reference to parental genotype, are 
possible when one pair of genes is involved and where dominance is com 
plete These are listed in Table 4, together with other comments about 
such matings 


INCOMPLETE DOMINANCE 

Occasionally, we find modifications of this simple two gene inheritance, 
as for example, the case of coat color in Shorthorn cattle Three different 
coat colors appe ir in the Shorthorn breed red (/t/i), roan (/in'), and 
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TABLE 4 

VARIOUS KINDS OF MATINGS WHICH CAN BE MADE AND THE RESULTS OF 
SUCH MATINGS WHERE ONE PAIR OF GENES AFFECT A GIVEN TRAIT 
AND DOMINANCE IS COMPLETE 


Genotype of Parents 

Genotypic Ratio of Offspring 

Breeding Ability 
of Offspring * 

PPxPp 

J 1 PP 

Breeds true 

\1 PP 

Doesn’t breed true 

PP-X.PP 

All PP 

All breed true 

PPxpp 

All Pp 

None breed true 

PpxPp 

f 1 PP 

Breeds true 

1 2 Pp 

None breed true 


U PP 

Breeds true 

Ppxpp 

{ 1 PP 

None breed true 


l 1 />/> 

All breed true 

ppxpp 

All pp 

A1I breed true 


1 ™. Kcnoiype one kind ol 

mil either of two ge^ 8 tS the.r 5S55SSJ° type “ d ° n * breed true because the y tranS ' 


mm T. 3 \Tu bU " mV) " ma,cd to 3 gtoup of roan cops 

™ ( m Pn ” g r“ be C °’ 0red ,n ,hE ra,, ° of one red (HR) to t»o 
o ™?' 10 ° n ,L'I hl,e V "' > , U Sb ° uld be "»‘«i <hat this is the same 

?„ thl ^amnle h " hcn dom ‘ na "« ,s complete, and as 

nance Sh«L POll “ 1 do "™ 3 °t •» homed But tn thts tn 
ner from e, to ho™ ' "T™*, P h ™>*>P«*Uy tn a d.fferent man 

the same 1 2 1 This t™ of 2 ene the | Se " 0l>PU: 3nd P henol > , P lc 131,05 arc 
or a blending tvne of , g a ^ t,on ,s called incomplete dominance, 

•hough .. ." no\ P “~ on": """'n ‘ P 0 '"* hm “ ‘ h3b 

because the roan individuals are a I L,2"" breed ‘"8 roan herd ( H "> 
It IS always possible to nrtvi heterozygous and will not breed true, 

{HR) to a u hue parent^im^ 1030 by matm S a red parent 

and the genotypic and phe“ot>p,c nn«”f ^ d ° rainance 15 incomplete 
tneen heterozygous parents are the offspring of a mating be- 

" in not br 'cd true because they are h«' ^ exam P ,e Palomino horses 
they cm alpays be produced bv h ' ter ° z yg°us for genes for color, but 
binos i Another example is in Cn * lestn ut sorrels vwth pseudo al 
P>e ts tn Compres, Hereford, ivhicl, are heterozy 



FIGURE 15. A com- 
frest Hereford bull 

ON THE LEFT AND A CON- 
VENTIONAL Hereford 
BULL ON THE RIGHT. 

(Courtesy H. H. Ston- 
aker, Colorado State 
University.) 



gous for the comprest gene. When mated, comprests produce offspring 
in the ratio of I normal (cc) to two comprest (Cc) to one dwarf ( CC ). Of 
course, in this instance it is impossible to mate the normals (cc) with the 
dwarfs (CC) to produce all comprest (Cc), because the mortality rate of 
the comprest dwarfs is so high that they do not survive to maturity and 
cannot be used for breeding purposes. 

An important fact concerning selection when dominance is incomplete 
is that the genotype can be determined by inspection of the phenotype. 
Therefore, an undesirable gene can be eliminated from the herd by dis- 
carding all heterozygotes. 


MULTIPLE ALLELES 

Previously we defined alleles as those genes which occupied the identi- 
cal loci on homologous chromosomes but affected the same trait in a 
different manner. Research work in genetics and animal breeding has 
demonstrated that in a population there may be more than two alterna- 
tive genes that can occupy the loci. Such genes are called multiple alleles. 

The best-known series of multiple alleles is that which affects blood 
types in humans. Three different genes are known to be involved, and 
these are called genes A, B , and O . These three genes may be combined 
to form several genotypes, as follows: individuals belonging to blood 
group A may be of the genotype Aa or A A; those of blood group B, of 
genotype Ba or BB ; those of blood group O of genotype aa, and of blood 
group AB, of genotype AB. Only two of the three alleles occur in any one 
individual, since there are only two locations on homologous chromo- 
somes that are available for these genes. 

A large series of multiple alleles and several blood groups are known 
to exist in farm animals, 2 and a knowledge of these may be used to iden- 
tify the parents of offspring in particular instances. 
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SEX LINKED INHERITANCE 


Farm animals are known to possess from 19 to 30 pairs of chromosomes 
m the body cells depending on the particular species rnvoHcd Each 
pair of homologous chromosomes segregates independent!) of the other 
pairs when the sex cells are formed One pair of homologous chromosomes 
is called the sex chromosomes One of the pair is called the X and the 
other the V chromosome All other pairs of chromosomes arc referred to 
as autosomes 

The female possesses two X chromosomes in the body cells, and the 
male possesses an X and a Y chromosome Many different genes are car 
ried on each of the sex chromosomes as is true of the autosomes 
The following example illustrates how the X and Y chromosomes 
transmitted by the parents to the offspring 


Female 

XX 


Male 

XY 


Kind of sex chromosome in the sex cells 
Eggs {X only) Sperm ( X and Y) 

Sex of offspring 
XX or Female 
XY or Male 

Thus the male offspring receives its r chromosome from the father and 

mofome Z° S T ° n ' mothcr and ,he femalc receiver one X-chro- 
mosome from the mother and one from the father 

by genesTarrie? flml! X lt " ked n”" 5 ” e rcIer l ° lhosc tralts determined 

about the importance oUex n imka z ^ C , hr r° SOme X® 7 h ' tle “ k "° Wn 

it has not bepn ehuii i 3 ^ e ln * arm animals probably because 

edly future studies^^genetia^villTe^ 5 T ^ ^ aS i” humans Undoubt 
farm animals 8 1 1 severa! sex hnked traits in 

cany'an twlTTo'rre ’“T ' han ,h ' X chromosome and so cannot 
toJm S ° n ^ X chromosome There 

portion of the X chromosome sin 8 le recessive gene on the extra 
be two recessive genes on the X C £ press ltse ^ * n the female there must 
a recessive trait to be expressed r ° mosomes J ust a * on autosomes for 
a further difference between sex chron, 
portion of the Y chromosome . omosomes and autosomes is that a 
and in a few instances known in h° l om<do 6 ous to the X chromosome 
mosome and is responsible for t v,-^ manS a ^ ene ,s car fied on the F-chro- 
ls reI erTed to as holandric Ppearance of a trait in the male This 

t nce n exat nple in humans is webbed 
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Non- homologous 
portion of Y 
chromosome 


FIGURE 16. A drawing which illustrates that some 

DARTS OF THE X AND Y CHROMOSOMES ARE NOT HOMOLOGOUS. 
Thus, onlv one recessive gene on the non homologous 

PORTION OF EITHER SEX CHROMOSOME IS ALL THAT IS NEEDED 
FOR THE GENE TO EXPRESS ITSELF. 


toes, and it is passed from father to son for generation after generation. 
In general, however, sex-linked traits are determined by genes carried on 
the X-chromosomes. 

Agammaglobulinemia in humans, mentioned in Chapter 4, is a sex- 
linked recessive trait, and the gene for it is carried on the X-chromosome. 
Let us use the letter A for the normal gene and the letter a for the gene 
which causes agammaglobulinemia. Let us also assume, for an example, 
that a woman who is a carrier of this gene (genotype X^X,,) marries a 
man who is not afFected by this disease (X A y). The following diagram 
gives the genotypes of the boys and girls one would expect, with respect 
to this trait: 


Carrier woman Normal man 

X A X a X XaY 

Genotypes expected in offspring: 

1 XaXa Normal girl 
1 XaX, a Carrier girl 
t XaY Normal boy 
l A.r Boy with agammaglobulinemia 
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Daughters from such a marriage would have equal clnnces of being car 
tiers of the defective gene, but none would contract the disease The 
sons, on the other hand, would have equal chances of receiving a normal 
or a defective gene from their mother, and since only one gene carried 
on the X chromosome is necessary for the expression of this trait in the 
male, those receiving the gene for agammaglobulinemia from the mother 
would be afflicted by this disease 

The importance of sex linked genes for type and performance in farm 
animals is not definitely known But they are probabl) not very signifi 
cant, for t)pe and performance in animals are influenced by many pairs 
of genes most of which are carried on the autosomes 


SEX INFLUENCED INHERITANCE 

This type of inheritance is often confused with the sex linked t)pe 
The genes for sex influenced inheritance are carried on the autosomes, 
and their expression is influenced by the sex of the individual In the 
heteroz)gote, the genes usually are expressed as dominant in the male 
and « recess.ve in the female The tnhemance of horns in sheep is a 
good example of a sex influenced trait Table 5 gives the genotypes and 

phenotypes for this trait bn 

nro!w. the *“ 0t thc indmdual or m °re probably the male hormone 
horns msh CaUK 3 er ‘ mte d,fTerenCC ,n ,hc ex P ressI °n of genes for 
non coulf ' o i “ “"S “ Specu,a ' e W th<: *’" d ot Sltua 

that boars no ^ f ' '' ‘ n farm anim3ls For instance, it IS known 
barrow, botm , ‘° 35 '" chK ba <*'« ‘han Inter mate 

con Id have v Vana, '°" amon S '■“«* Poss.bly a boar 

mat homo™ nmd,, n “ n ' arket W 'S ht »« a -e of a high level of 
his castrate male offvnr 10n Th,s con dition might not be transmitted to 
practically cease at thetm^f ^ their " la,e horInone production would 
problem ,s to ask whe.Lv Another way of stat.ng thts 

look for in the intact bre ^ ^ bnow what characteristics we would 

duce - « ^“4Ttro o 4:i„: thos = * at - pr °- 

TABLE 5 

- DtHERITAKCE OF HORNS IH SHEEP-A SEX-mp^r, ^ 

| JheKoiype ofRams 


Phenotype of Ewes 
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Questions and Problems 

1 Define the following terms dominant gene, heterozygotc, homozygote, alle 
lomorphs phenotype, genotype, phenotypic ratio, genotypic ratio, sex linked 
trait, sex influenced trait, and multiple alleles 

2 The black color in Angus cattle is dominant to red A black bull is mated 
to a black cow, and a red calf is produced What are the genotypes of the two 
parents? 

3 A swine breeder mates a boar to a half sister and a total of 36 pigs is pro 
duced in three Inters Eleven of these pigs are found to possess red eyes, 
whereas the remaining 25 pigs have eyes of normal color Both parents also 
possess eyes of normal color Is the gene responsible for red eyes dominant 
or recessive? Explain What are the probable genotypes of the parents? 

4 Starting with animals in Question 3, how would you develop a strain of hogs 
all of which would have red eyes? 

5 In Hereford cattle, the comprest gene (C) is incompletely dominant to the 
gene (c) for normal size, and the comprest individuals are of the genotype 
(Cc) Outline a breeding program which you would recommend to develop 
a purebred strain of comprest cattle How would you eliminate the comprest 
gene from the breeding herd? 

6 A Shorthorn breeder has a herd in which some of the cows are white, some 
are red, and some are roan His herd sire is roan in color Outline a method 
in which he can develop a pure strain of red Shorthorns, starting with the 
above foundation animals 

7 Under practical conditions which trait cm be made homozygous more easily, 
one which is due to a dominant gene or one which is due to a recessive gene? 
Explain 

8 Red green color blindness in humans is due to a sex linked recessive gene 
By in example, show how two parents of normal vision could have a color 
blind son 

9 What would be the genotypes of the parents of a color blind girl? 

10 Many traits in humans are known to be due to a sex linked recessive gene 
Why have so many sex linked traits been reported in humans 5 Why have so 
few been reported in farm animals? 

U List the main differences between sex linked and sex influenced inheritance 
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POLYGENIC INHERITANCE 

Most traits in livestock of the 
greatest economic importance, such as rate of gam, efficiency of gain, milk 
production, and carcass quality, are affected by many pairs of genes Such 
inheritance is called polygenic inheritance Polygenes may have very small 
individual effects, but, their over all action may be very great Polygenes 
act together in such a way that their effects on a particular trait are ad 
mve or cumulameor complementary, to give what breeders refer to as 
cial C CC \ 686 dlfferent acll °ns of polygenes require that spe- 

ble Droer^r mat ‘" S procedures be used to make the greatest possi 
ule progress in lnestock production 6 
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be PPBB, and that of the cows ppbb. The genotypes and phenotypes of 
the different generations may be illustrated as follows: 


Generation 

Pi 

F l 


black Polled bull 
PPBB 


red Horned cows 
ppbb 


PpBb 

All black Polled (mated inter se) 
Eggs 


Fi SpermJ 


PB 

Pb 

pB 

pb 


PB 

Pb 

P B 

pb 

PPBB 

PPBb 

PpBB 

PpBb 

Polled 

Polled 

Polled 

Polled 

black 

black 

black 

black 

PPBb 

PPbb 

PpBb 

Ppbb 

Polled 

Polled 

Polled 

Polled 

black 

red 

black 

red 

PpBB 

PpBb 

ppBB 

ppBb 

Polled 

Polled 

Horned 

Horned 

black 

black 

black 

black 

PpBb 

Ppbb 

ppBb 

ppbb 

Polled 

Polled 

Homed 

Horned 

black 

red 

black 

red 


l' 

Some new genetic terms are introduced in this example. The P 1 gen- 
eration is that of the parents. The F, is the first film! generauon. or the 
first generation of a given mating. The F 2 generation » Produced by 
crossing the F t individuals. The term inter se means the mating of the 
Fj generation among themselves. 

All the sperm of the bull of genotype PPBB contain one P and one B 
gene. All the eggs of the cows of genotype ppbb contain only p and b 
genes. When the sperm and egg cells unite in fertilization the genotype of 
all Fj individuals is PpBb. Their phenotype is polled and black 

Individuals of the F, generation have the genotype FpB6 whether y 
are male or female, and they produce four different kinds of sex cells, P, 
Pb, pB, and pb, in approximately equal numbers. * . y J® P 
duced by the cows has an equal chance of carrying one of these Tour c m 

binations of genes, and each of the eggs has an -T the IS 

f ... , , ° r four different kinds. From tne cnecker 

fertilized by a sperm of one “ ^ there are 9 dilrerent gcno . 

board, we see that among the 16 F 2 individuals mere ° 

types and 4 different phenotypes. The phenotypic ra i , ‘ d e(! 

lion is 9 polled black to 5 polled red to 3 horned black red- 

An interesting point of such a cross is that thetraits ish.ch wcrcp« 

ssji ^ mu«« 



46 


Types of Gene Action — Two or More Pairs of Genes 

one of the laws o£ Mendel known as the Law of Independent Assortment 
of Characters and means that m this case genes affecting horns and coat 
color were inherited independently and therefore were on different pairs 
of homologous chromosomes 

The principle of independent assortment of characters is often used in 
lnestock breeding For example, the Santa Gertrudis breed of cattle was 
developed from a cross of the Brahman and the Shorthorn breeds In the 
formation of this new breed, selections were made to combine the heat 
and disease resistance of the Brahman with the beefiness of the Short 
horns The principle has also been used in many other livestock breeding 
programs 


EPISTASIS 


v be of 


Epistasu is another type of variation in gene expression that may bt 
lmportance m livestock breeding Epistasis is the name given to non 
linear interactions (where the effect of one gene does not add to the 
effect of another to influence the phenotype) of various kinds between any 
nonallelic genes These may be interactions between genes on the same 
or on different chromosomes In contrast, dominance is the nonlinear in 
teracuon between genes which are alleles 

Epistasis may be illustrated by coat color in horses 2 The genetic bases 
of all the colors have not been established definitely, but they will sene to 
illustrate the point. In most animals there is a color gene C which is 
necessary for the expression of color When it appears in the homozygous 
A CCe T e lOTm , CC lhC C ° at Color ,s whlte - a condition called albinism 
„ " 8 ene that aff ects coat color is also found in some animals This 

naWn^T, i ° r ,he d,lu “ on o[ color, and m effect, are manifest in the 
palomino color in horses 

mam MdVhrrnn, ‘““T ^ AbbCCdA ) ” mated to a Type A albino 
- r lrl! 1, 3 Pfomino colt ( AAbbCCDd) „ produced* 'Vlien 
palommo oTe ourT^ “ " P™ 1 ”' “ *«* of which one half are 
dluZ^:"“ thes,nut - o-'ooch Type A albino This » 


P, 


Pi 


Ft 


Chestnut stallion 
AAbbCCdd 


Type A albino mare 
X AAbbCCDD 


Palomino colts (mated intn „) 
AAbbCCDd 


1 AAbbCCdd 

2 AAbbCCDd 
1 AAblCCDD 


Chestnut 
Palommo 
Type A albino 



FIGURE 17. Grand 
Champion Palomino 

MARE AT A SHOW IN 

1952 (Courtesy of the 
Palomino Horse Breed 
ers of America.) 



In this instance, the gene D is the controlling factor m °at color expres- 
sion, When present in the homozygous recessive state (dd), co on * pr«*nt 
in the full amount (chestnut). In the palom.no there is a dilution of color, 
and in the homozygous dominant state (DD), there is an absence of color, 

^Manv example 'of^epistatic gene action are known in mammals, and 
the genes act or interact* many different ways In the P-Wh 
the gene D was dominant, or at least partially dominant, to its on n allele, 
so this is referred to as dominant ep, stasis Instances of .recede epista^s 
are known in which the epistatic gene is recessive to oWn all tele and 

has to be present in the homozygous recess.se s,a,e ;"° ta si s StiH od.er 
effect One form of albinism in rats is due to recessive ep.stas.s. Still other 

instances are known in which genes that are not alle * es ' 

might be difficult to identify. * *P makc g rcalc5l mc of ,i 1C se 

devise breeding and selection procedures 
types of gene expression. 
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OVERDOMINANCE 


Overdominance is another kind of gene action which may be of im 
portance in animal breeding It has been proposed as a theory, but in the 
past few years some examples have been found which give support to the 
proposal 

Overdominance is the interaction between genes that are alleles and 
results in the heterozygous individual being superior to either of the 
homozygotes For example, three different genotypes such as A 1 A 1 , A l A“, 
and A 2 A 2 may be used According to this theory, alleles A 1 and A 2 to- 
gether produce a reaction that they do not produce separately 
The principle of overdominance may be illustrated by the inheritance 
of a particular blood type in rabbits 3 Two alleles seem to be involved 
One allele is responsible for the production of one antigen, and the other 
is responsible for the production of a second, different antigen The 
heterozygous individual produces still a third separate antigen not found 
in either homozygote Thus the two alleles interact to cause the produc 
lion of an antigen which they do not cause in the homozygous state A 
similar condition seems to exist in human haptoglobins 1 which are p ro " 
terns with the specific property of binding hemoglobins It has been 
proposed that two autosomal genes are involved One homozygous in 
dividual causes the production of one haptoglobin the other homozygote 
causes the production of a second and the heterozygous individual causes 
the production of these two haptoglobins plus a third not found in either 
ot the two homozygous individuals 


same Ir -prolMWy involves man, pairs ol genes all affecting the 

“ h el! ' c, ot an J one P*>r ol genes hots ever could be rather 

1 ' “' ' “™bmed effect o{ I0any pa , rs cou]d rKuU m a conslderab le 

emttLTs anH d hetetoz >8° 1 ' Th ‘> hind ol gene action together with 


ADDITIVE GENE ACTION 

inheritance there'n'no'sharoT' 58 '"' aCtl ° n an,maIs In 0115 l >P e ° 
gradations between the t.n^ ,sunctlon hetsseen genotypes but man 
inheritance in humans a ex temes Davenports theory of sktn-colo 
different pans of genes are °‘ addm ' c action Tw 1 
the skin although this mav * l ° a ^ CCt the P rodu ction of pigment 1 : 
of inheritance In ^ ^‘^‘Bcauon of the actual mod 

inheritance fairly well although 'rtf lhe theor > - seems lo fit the mode c 
X although there are probably other genes involvec 
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The following example illustrates the principle of additive gene action: 

P\ Black skin White skin. 

A ABB X aabb 

F\ Medium (mulatto) (inter se) 

AaBb 


1 AABB 

Black 

2 AABb 

Dark 

1 AAbb 

Medium 

2 AaBB 

Dark 

4 AaBb 

Medium 

2 Aabb 

Light 

1 aaBB 

Medium 

2 aaBb 

Light 

1 aabb 

White 


Five different phenotypes are observed, with a continuous gradation be- 
tween white and black and no sharp distinction between any two classes. 


FIGURE 18. Illustration of now the different phen- 
otypes IN THE Fg OF A MATING OF F t MEDIUM INDIVIDUALS 
(MULATTOES) ASSUME A FREQUENCY DISTRIBUTION CURVE. 



DUck Dark Medium Ufbt Whit* 
FHEVOTTPES IN F, 
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The proportion of offspring of different skin colors in the J* 2 generation 
would be 

1 black, 

4 dark, 

6 medium (mulatto), 

4 light, 

1 white 

These are shown in the form of a frequency-distribution curve in Figure 
18 and it may be observed that a normal bell-shaped curve is formed 
Genes A and B are called contributing genes because they make a con 
tnbution to the darkening of the skin Genes a and b arc called neutral 
genes because they contribute nothing or at least very little to skin 
color An individual of the genetic composition of aabb is said to be of 
the residual genotype the genotype expressing the phenotype when no 
contributing genes are present 

An important aspect of additive gene action is that none of the genes is 
dominant or recessive Each contributing gene adds something that makes 
the skin darker in color and the effects of each gene accumulate Hence, 
the term additive gene action 

Additive gene action is thought to affect most traits in farm animals 
that are of economic importance although it has a much greater influence 
on some traits than on others Growth rate milk production, conforms 
non carcass quality as well as other traits are affected by this type of 
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Questions and Problems 
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4 "What is the difference between ordinary dominance and dominant epistasis? 

5 Explain the differences between ov erdonunance and epistasis 

6 Solid color (S) in cattle is dominant to white spotting (a), and (Z,, r ), which 
causes spotted animals to have less white, is dominant to its allele ( l K ), which 
allows spotted animals to have increased amounts of white A bull of solid 
color whose mother was white spotted with a large amount of white was mated 
to a cow which w ? as white spotted but mostly white If the offspring produced 
were white spotted but with little white, what was the genotype of the bull? 

7 Assume you have a herd of black grade cattle which are polled You mate them 
to a grade bull which is also black polled In the first calf crop, some red 
calves are dropped, and some of the black calves as well as some of the red 
calves possess horns If polledness is dominant to horns and black is dominant 
to red, what is the possible genotype of each of the parents of the red horned 
calves? 

8 Using animals in question 7, outline a breeding and selection program you 
would follow to develop a pure breeding red polled strain of cattle 

9 If animals m question 7 were used which would be the simplest to develop, 
a pure strain of red horned cattle or one that was pure black polled? Explain 
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Linkage— Why Some Traits Are 

Inherited Together 


Mendel’s law of the independent 
Assortment of Characters does not always hold true, and Mendel was the 
first to notice this many years ago The exception to this law has been 
observed in several species of plants and animals Here we shall explain 
why this sometimes occurs and show how it might be of importance ,n 
livestock breeding 


WHY SOME TRAITS ARE INHERITED TOGETHER 

Ltnkage is the presence on the same chromosomes of two genes affecting 
K* ltS nstea se K re gat ,n g and recombining in a random manner 
L S e U n«^ Uen ,‘ 8en ' ra “° m th ' travel together tn the process of 

°T h Tb "n Sperma “8 enK ' s ^ thus are tnhemed together 
of genes affec^ne d r 1 earl '' r “ ch tht°n>osome carr.es hundreds 
g=n “o".heX 8 rh;!r nt ‘ ra,tS The ddfe em traits de.erm.ned by 
this ts the called a hnk^^oub n* ' nh " ,led 25 3 s,n 8 le S^uP’ a " d 
responds to the number of L L T* numbcr ot linkage groups cor 
Not much is known about fratts . d ’ IOmosom,:s ln a parttcular species 
farm animals, but our knowledee ^ S ‘c S ,‘,° 3 MngIe ''nkage group ■« 
continues ^ n l ^ ls should increase as research 
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in the offspring, in approximately equal numbers. If the genes are linked, 
only two phenotypes will appear, and in approximately equal numbers. 

To illustrate this method, let us use characters that are not linked and 
thus are inherited independently: polledness (. P ), which is dominant to 
horns (p), and black (B), which is dominant to red (6). When an individual 
of genotype PPBB is crossed with one of genotype ppbb, all of the F x 
offspring will be of genotype PpBb and of phenotype polled and black, 
When these F x individuals of the PpBb genotype are backcrossed (or 
mated) to the homozygous recessive ppbb, the offspring produced will be: 

4 PpBb — polled, black 
4 Ppbb— polled, red 
4 ppBb — homed, black 
4 ppbb — homed, red 

Thus, the four different phenotypes will occur in approximately equal 
numbers, showing that the two pairs of genes are on two different pairs 
of homologous chromosomes. 

Now, to show what would happen if these genes were linked, let us 
assume that P and B are together on one member of a pair of chromosomes 
and p and b are together on the other member. If linkage were complete 
and close, we would expect the following results from crosses: 


Pl 

Polled black Homed red 

X 

Fi 

Polled black 

PpB) 

F, 

1 PpBp Polled black 

2 PpBb Polled black 

1 ppbb Homed red 

In other words, polledness and blacx coat color would be inherited to- 
gether, as would horns and red coat color. No horned black or polled red 
individuals would be observed in offspring as is the case when there is an 
Independent assortment of the characters. 


CROSSING-OVER 


However, in almost all instances where linkage is InsoUcd and the test 
cross is made, all four phcnot)pe$ do occur in the next generation, bm 
appear more often than the other two. For instance, suppose that a 
back cross were made bj mating Fi individuals in ilic preceding example 
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to the homozjgous recestite genotype, anti the phenol) pcs "ere the To 
lowing 

45 PpBb— polled, black 
5 Ppbb — polled, red 
45 ppbb — horned, red 
5 ppBb— horned, black 


This is not a 1 1 1 1 ratio expected in independent assortment, an " 
would have to conclude that linkage must be ins olv ed But, during meiosi 
in the heteroz)gote, an ' accident has occurred to the members o a 
chromosome pair in some of the sex cells When the) came together in t 
intimate process of s)napsis,* the) broke at about the same points, an 
exchanged parts The result is that on some chromosomes P and b are 
gether and on some p and B are together This phenomenon is 
crossing over In the h)pothetical example, the percentage of crossing-o' 
is 10 (phenotypes where crossing-over occurred) divided by 100 (to 12 
number of phenot)pes), times 100, or 10 per cent 


AN EXAMPLE OF LINKAGE IN POULTRY 

Linkage of comb shape and leg length in chickens has been reported 1 
Rose comb (R) is dominant to single comb (r) and the creeper (C) 15 
dominant to normal leg length (c) Creeper chickens have very short legs 
that cause them to take very short steps so that the) appear to creep when 
they walk. Individuals homoz)gous for the creeper gene die earl) m hfc. 
and thus this gene is a semilegal gene \\ hen the test cross was made be- 
tween a male heteroz)gous for both rose comb and creeper legs and 
females homozygous for both single comb and normal legs, the progen) 
produced w ere as follows 


W comb creeper Single comb normal 

foG: X nw 


Offspring 

22 RtCc Rose comb, creepers 
1 Rice Rose comb, normal 
33 ttu Smgle comb, normal 
4 ttCc Smgle comb, creepers 


^mb*„' t fZ«„ COmb ^ ‘ '** ed on 

lep on the other member 1 f ° r SlnS ' c COnlb and ”° r 
me erossmg-oser occurred, however. 

During the reduction dnision m 

of a pair come together and twin, Oogenesis and oogenesis the chromow 

•Jiupm. ^ around cadl other Tim u the meaning of the 
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shown by the appearance of some rose comb normal and some single 
comb creepers in the progeny. The amount of crossing-over was about 
eight per cent. 

In the double heteiozygous offspring, where R and C remained together 
on one member of the chromosome pair, and r and c remained together 
on the other, the linkage is called coupling; where crossing-over occurred 
and genes R and c became linked, and r and C became linked, the disrup- 
tion of linkage is called repulsion. 

Genes located further apart on the same chromosome cross over more 
often than those that are closer together. In fact, the further apart they 
are the more difficult it becomes to distinguish crossing-over from the in- 
dependent assortment of characters; thus, some linkages remain un- 
detected. For this reason, there may be more instances of linkage in the 
traits of farm animals than we have been able to discover. 

The degree of crossing-over has been used to determine approximately 
the loci of certain genes in some species. Maps of chromosomes have been 
made, showing approximate locations. Mapping has progressed quite 
rapidly for the fruit fly (Drosophila) and to a lesser extent for mice and 
humans. Very little chromosome mapping has been done for the various 
species of farm animals. 


PRACTICAL SIGNIFICANCE OF LINKAGE IN FARM ANIMALS 

Very little is known about the linkage of genes in farm animals. De- 
tailed and extensive studies have been made of the blood groups in cattle, 
where it has been found that 10, and possibly 12, different pairs of the SO 
pairs of chromosomes carry genes for blood groups. These genes must be 
linked with genes that determine other characters. The possibility of 
detecting such linkage associations depends on how closely the genes are 
linked and how frequently the linked genes are manifested. 2 If the linkage 
between blood group genes and genes for some other trait is strong, the 
blood group genes might be useful as chromosome markers. It seems 
doubtful that attempts to disco\er linkage associations between blood 
group genes and genes affecting economic traits would be very fruitful. 
The main reason for this is that so many different genes arc involved and 
the expression of any single pair is weak. In addition, linkage associations 
v, °uld have to be determined for each animal, for linkage relationships 
would vary between individuals. 

Furthermore, it is often difficult to distinguish between the effects of two 
closely linked genes and the plciotrophic* effects of the same gene. A 
Eood example of this is found in chickens, where there is a series of alleles 
affecting blood group antigens at the B locus on the chromosomes. By 

I’Wotrophie effect* mean! that the tame gene may affect more than one tra{t. 
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test crosses, n has been found tin. hens homorjgou, *“ *'*?*}* * 
allele such as BB or B'B' produced eggs ssttli decreased hatch 
compared to those heterozygous for flfl' V.ab.l.ty to n.ne sseeU ol age 
was also slightly greater in the hctcrorygous offspring! 

In other instances in farm animals, there docs seem to be a strong 
relation between certain quantitative traits, such as rate of gain a 
efficiency of gam, but it is not assured that this correlation is due 
linkage These two traits are strongly associated probably because ti 
genes affecting them do so through a common physiological pal i^ 3 ^ 
Linkage could be insoUcd, but is less likely, because of crossing-oscr an 
consequent equilibrium, which is dependent upon gene frequency a 
not on the degree of linkage 
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The Laws of Probability and 

Animal Breeding 


Practically nothing of great im- 
portance in this life is known with absolute certainty. In spite of this, 
however, we have learned that we can predict more closely the outcome 
of an event by taking a calculated risk, that is, making a decision on the 
basis of what is most likely to occur. Even though we may not realize it, 
the concept of probability 2 is used for handling situations where our 
knowledge of the outcome is not exact. As far as animal breeding is con- 
cerned, the segregation of genes and their recombination in the union 
of the sperm and the egg at fertilization follow certain laws of probability. 


THE CONCEPT OF PROBABILITY 

The concept of probability is more easily illustrated than defined. We 
shall use P to represent the probability that an event will occur and Q 
to represent the probability that it will not occur. P -f Q. = 1, so that P 
is equal to 1 — Q anc * Q. * s e( l ua l to 1 — P. Thus, if an event is certain 
to happen, the probability of its happening is equal to one. If it is cer- 
tain not to happen, the probability of its happening is equal to zero. In 
all other cases between these two extremes, P ranges from zero to one. 

Several rules may be applied to the combining of separate probabilities, 
but in animal breeding two of these are of the greatest importance. One 
rule states that the probability of occurrence of a single event that is one 
of a set of mutually exclusive events is the sum of the probabilities of the 
single events. The term, “mutually exclusive,” means that the occurrence 
of one event in a given trial excludes the possibility of the occurrence of 
another event. For example, there arc four aces and four kings in a deck 
of cards. If vve pick one card from a deck, the probability of its being an 
ace is and the probabilit) of its being a king is also ^ . Suppose 
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we are asked to determine the probability of picking either an ace or^ 
king from a deck o! cards If «e pick one the other K occluded, 
arc dealing tilth mutually exclusive eients The probability o • 
either an ace or a king from a deck of cards is the sum of the two scpar 
probabilities or Jj + -fa, or ^ r 

The second rule states that the probability of two or more of a sc 
independent events occurring together is the product of the proba i ‘ 
of occurrence of the single events This rule applies to two or more eve 
that occur independently of each other In other words the occurrenc 
of one does not exclude the occurrence of the other For example, 1 
flip two pennies into the air, the probability that one will come up ea * 
is not dependent upon which way the other lands Likewise, if a paren 
is heterozygous for a pair of genes such as Aa, the probability that any 
one gamete will carry A is independent of the probability that any ot e 
gamete from that same parent will carry A (or a) 

To illustrate the use of this rule let us determine the probability tha 
two pennies tossed into the air will come up heads The probability o 
the first penny coming up heads is \ the probability for the second penny 
is also \ The probability that both vs ill come up heads is $ times 1 otj 
Similarly the probability of 4 pennies coming up heads if tossed together 
is \ times \ times \ times \ or ^ 


PROBABILITY AND THE SEGREGATION OF GENES 
IN THE GAMETES 

To illustrate how the laws of probability apply to the segregation of 
genes in the gametes let us use two polled bulls of genotypes PP and Pp 
as examples The probability that the bull of genotype PP will produce 
a sperm carrying the P gene is one the probability he will produce a 
sperm carrying the homed gene (p) is zero The situation with the bull 
o genotype Pp is different however The probability he will produce 
ornd^ the P° Ued 8 ene \ and the probability he will 

“ a SPe ™ CarI1 ' ,n8 ‘ he hc,rned f> ene (P) « also 1 The reason to 
Le members o[ P a,n 01 6'"“ m the sperm 

to the cram,, aPP ' y th ' P robabll ' u “ for two independent event 

Black fn\ rT, T® “™ dlRerent tra,ls ,n rattle horns and coat colot 
.oho^ a ^;rrr, nt 10 ^ (6) a " d P° lled « - dom.nan 
Chromosomes and 6 *",' colo c are earned on one pair of homologou 
pair First let us geneS ° r bom conditions are earned on anothe 

and black eo, or hM ^ b °‘ b P 0 " C ' 

see that the probability of a sne™'? " P/'"’ °‘ geneS se P ara,ely " 

the probability of us rar™ fr ° m thlS bul1 carr > ,,n g p 15 one an 

rr ^ r,n 8 P ,s 2ero The probability of that satE 
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sperm carrying B is also one and for its carrying b is also zero. What is 
the probability that such a bull will produce a sperm carrying both P 
and B ? The answer is one, because the probability of both of these genes 
occurring together in the same sperm (two independent events) is the 
product of the two independent probabilities, which is 1 times 1, or 1. 
The probability of a sperm from such a bull carrying both p and b genes, 
of course, is 0 times 0, or 0. 

Probabilities of the various combinations of P, p, B, b occurring in 
the sperm of a bull that is heterozygous ( PpBb ) is handled similarly and 
would be: 


Gene Probability of a sperm carrying this gene: 

P b 

P b 

B b 

b \ 

The probability of various combinations of the two different pairs of 
alleles occurring together would be: 


Possible combinations 
of genes in the sperm 
PB 
Pb 
P B 
pb 


Probability of a sperm 
carrying these two genes 
b X b or i 
1 X b or J 
b X b or f 
b Xb or i 


PROBABILITY AND THE RECOMBINATION OF GENES 
IN THE ZYGOTES 

The concept of probability and the combining of probabilities can now 
be expanded to the union of genes in the zygote (Fertilized egg). The ex- 
amples used, of course, assume that the different pairs of alleles assort and 
recombine independently. First, let us use one pair of alleles for polled 
and horned cattle. The probability that gametes from parents of the 
three genotypes would carry one of each allele would be: 

Genotype of Parent: 

PP pp Pp 

Probability of P in a gamete 1 0 i 

Probability of p in a gamete 0 1 b 

Now we can calculate the probability of various combination of gametes 
occurring in the offspring of parents that are both hetcroz>gous (Pp)- 
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Genotype of 
offspring 

PP 

PP 

PP 

PP 


Probability of 
this genotype 
I X \ or } 

\ X h or \\ , 
iXiorij 4 
ixiorl 


This corresponds to the 1:2:1 genotypic ratio in the offspring of crosses 
of heterozygous individuals, as we saw in Chapter 5 

The following example illustrates the probability of various combina- 
tions of genes in the gametes when two separate pairs of genes are in- 
volved and the parents are heterozygous for both pairs of genes: 


Genotypes of: 


Sire Dam 

PpBb PpBb 

Probability of PP in a gamete } i 

Probability of Pp in a gamete $ } 

Probability of pp in a gamete \ 1 

Probability of BB in a gamete J 1 

Probability of Bb in a gamete J \ 

Probability of bb in a gamete \ \ 


probabilities of different combinations of the genes in the offspring 
h parents would be: 


PPBB 

i X 5 or A 

PPBb 

1 X i or ft 

PPbb 

1 X i or A 

PpBB 

IXJorA 

PpBb 

i X i or A 

Ppbb 

1 X i or A 

PpBB 

iXfor^j 

ppBb 

i X i or * 

ppbb 

i X { or A 

Totals 



This corresponds to the genotypic ratio found in the F, of a dihybnd 


he probability of any two or more independent events occurring to- 
gether follows a certain mathematical formula developed by expanding 
inomia (a -f b) n The expansion ol the binomial to the eighth power 
ahd't" 1 "5 Table 6 ThlS [otmula ma y he used to determine the prob- 
ocoirrence ol several events, such as the sex ratio of the off- 
of pennts 3mi ° , ‘® erent slzes and the occurrence of different ratios 
genotype^ Phenotypes in the o&prmg from parents of known 
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TABLE 6 

THE BINOMIAL EXPANDED TO THE 8TH POWER 


Total items 


{ a + b) z 

= a 2 

+ 2a& + 6 2 



4 

{a + 6) 3 

- a 3 

+ 3a z b + 3 aft 2 + ft’ 



8 

C a + ft) 4 

= a 4 

+ 4a 3 b + 6a 2 6 2 + 4 aft 5 + b' 



16 

(o + 6) 5 

= fl 5 

+ 5 a'b + lOaV + lOaV + 

5a6 4 + 

b‘ 

32 

(a 4 6)® 

= a® 

+ 6 a'b + 15 aV + 20 a’b 3 + 

15aV 

+ 6ab s *b‘ 

64 

(a 4 b ) 7 

= c 7 

+ 7 a’b + 21aV + 35 aV + 

3SaV 

+ 21a 2 6 5 + 7a6 B + b 7 

128 

(a 4 ft) 8 

= a 8 

+ 8 a’b * 28 aV + 56 a’b’ + 

70a "i* 

* 56 aV + 28 aV + 8a6 7 * 6' 

256 


An example of the use of this formula may be shown by the following 
problem. If a herd of five cows was bred, what would be the probability 
that all would produce bull calves? We now look m Table 6 for the ex- 
pansion of the binomial to the fifth power. We shall let the letter a rep- 
resent bull calves and the letter b represent heifer calves. We find that 
the probability of five bull calves from five cows within the herd in the 
same year is (<|) 5 or 

Recently a letter was received by the author from a dairyman stating 
that in a herd of twenty cows he had twenty bull calves and no heifers 
in a single year. In fact, for several years he had found that almost all 
calves were bulls. He wanted to know what he could do to produce a 
larger proportion of heifer calves in this herd. We couldn’t give him 
advice, but it was of interest to calculate the probability that 20 cows 
in a herd would all have bull calves in a particular >ear. This probability 
would be C|) 20 , or about one chance in a million. The sex ratio he gave 
would lead one to suspect either that the records were incomplete or that 
some conditions peculiar to that herd were responsible for the abnormal 
sex ratio. 

The following is another problem which illustrates the use of the ex- 
panded binomial. Suppose that, for the herd of five cows, we had asked 
what the probability would be that three heifers and two bulls would be 
produced in a given )ear? Again letting the letter a represent the bulls 
and the letter b the heifers, we look for the combination of a 2 b 3 . We find 
the figures 10 a 2 6 3 , and, substituting, we have 10 (|) 2 (£) 3 . Completing 
the calculations, our final figure is In other words, there is about 
one chance in three that a herd of fi\e cows will produce three heifers and 
Uso bulls in a gisen )car. 
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The rule of probability can be used to calculate the number of maunp 
necessary to determine whether breeding animals of normal phen°JW 
are homozygous normal or heterozygous for a particular recessi g 
As our problem, let us determine the probability that carriers o the 
dwarf gene (Dd) mated to dwarf animals (dd) a; different number of time 
would produce all normal calves. 1 The principles involved here 
be the same in testing for any recessive gene as long as dominanc 
complete and penetrance was 100 per cent. The answer to this pro 


is given in Table 7. e 

The data presented in Table 7 shows that, as the number of matings 
a heterozygote to the homozygous recessive increases, the probability o 
all calves being normal in appearance becomes less and less. After t e 
production of five normal-appearing offspring from a cross of a question 
ably normal phenotype to the known homozygous recessive we coU 
conclude that such an individual was probably homozygous normal. T e 
probability of being correct would be about 97 chances in 100. The more 
offspring of normal phenotype produced, the more confidence we wou 
have that the individual being tested was homozygous normal, althoug 
we could never be 100 per cent certain that this was true. In practica 
application, in a progeny test of this kind, all normal-appearing offspring 
having one homozygous recessive parent would be carriers of the reces- 
sive gene. These, then, could be eliminated from the breeding program 


TABLE 7 

THE PROBABILITY OF CARRIERS OF A RECESSIVE GENE PRODUCING 
ALL NORMAL-APPEARING OFFSPRING WHEN MATED WITH 
HOMOZYGOUS RECESSIVE INDIVIDUALS 
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TABLE 8 

THE PROBABILITY OF CARRIERS OF A RECESSIVE GENE PRODUCING 
ALL NORMAL-APPEARING OFFSPRING WHEN MATED WITH 
CARRIERS OF A RECESSIVE GENE 


Number of 
Matings 

Number of 
Independent 
Events* 

Probability of Normal Calves 

In Fractions 

In Decimals 

1 

mmwwm 

3/4 

.75 

2 


9/16 

.56 

3 


27/64 

.42 

4 


81/256 

.32 

5 

<r;P 

243/1024 

.24 

6 

3/4* 

729/4096 

.18 

7 

3/4 T 

2187/16384 

.13 

8 

3/4’ 

6561/65536 

.10 

9 

3/4" 

19683/262144 

.08 

10 

3/4“ 

59049/1048576 

.06 

11 

3/4“ 

177147/4194304 

.04 


♦The probability of a single calf from two carrier parents being of the normal phenotype 
is 3/4. 


with the confidence that one was eliminating an undesirable character 
from the herd. 

Sometimes it is not practical to use homozygous recessive individuals as 
testers, because they may not live to maturity or they may be of very low 
fertility. As an alternative, individuals known to be heterozygous may be 
used for testing purposes. The probability of carriers of a recessive gene 
producing all normal-appearing offspring when mated different numbers 
of times is shown in Table 8. This is the method most often used in test- 
ing a bull of unknown genotype to determine if he is a carrier of the 
dwarf gene. As shown in Table 8, the chances are 4 in 100 that a carrier 
bull mated 11 times to known carrier cows would produce all normal 
calves. Thus, when a normal-appearing bull of unknown genotype is 
mated 1 1 times to known carrier cows and produces all normal offspring, 
we can say he is not a carrier of the dwarf gene, with the probability of 
being right about 96 times in 100. On the other hand, one dwarf calf 
from one mating would prove him a carrier of the dwarf gene. 
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Questions and Problems 

1 Why do we have a use for the laws of probability m animal breeding? 

2 What is the rule, or rules most often used in animal breeding for the com 
billing of probabilities? 

3 Two purebred Black Angus parents produce a red calf What is the prob 
ability that their next calf will be black? 

4 Using parents in question 3, what is the probability that their second offspring 
will be a red bull calf? 

5 Two polled Herefords are mated and they produce a bull calf that is homed 
If they are later mated to produce 6 more offspring, what is the probability 
that all 6 of the calves will be polled’ What is the probability that 4 of the 
calves will be polled and 2 will be horned? 

6 In progeny testing to determine if an individual is homozygous dominant or 
heterozygous when is it more practical to use homozygous recessive individuals 
for the tester animals? When should known heterozygous individuals be used 
for this purpose? 

7 A breeder can also use daughters of a known heterozygous bull in order to 
test for a recessive gene How many daughters would be required for a test at 
the 95 per cent level of probability? 

8 In question 7, would it be permissible to use the same daughter, or daughters, 
several times m testing a single bull? Explain your answer 



9 


Gene Frequencies in 
Populations 


A POPULATION MAY BE DEFINED AS 

the total o£ all individuals in a breed, in a species, or in other ^ group- 
ings or as those individuals which inhabit a particular area. When we 
speak of population genetics we refer to the study of the genetic com- 
position of one such particular population. 

Controlled matings of individuals of known genotypes were used as 
examples in previous chapters to illustrate certain fundamental principles 
of Mendelian inheritance, and we learned that one can predict the geno- 
typic ratios that will occur in the F, and F, generations .In pops > at.ons 
of animals where the genotypes of the breeding anima s or a par 
trait are seldom known, it is more difficult to predict with reasonable 
accuracy the genotypic ratios of the offspring. Research work in genetics 
of populations, however, has shown that many of the Mendelian laws of 
inheritance that operate in individual matings and crosses also a PP y to 
populations. This chapter will discuss some of these principles and their 
application. 


GENE FREQUENCIES 

The term gene frequency refers to the relative abundance or the rela 
five rarity of a particular gene in a population as compared >lr 
alleles in that particular series. In the example of single-factor inherit- 
ance in Chapter 5, where polled bulls (FF) were mated to horned cows 
(pp), the alleles P and p were introduced into the F, in equal numbers. 
In actual practice, however, this may not occur, and these two genta i m _ y 
be present in the population in ratios quite different from those in the 

CX For P iliustration, let us assume that we own a herd of horned Hereford 

65 
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cows and have used nothing but homed Hereford bulb for many, many 
years. The calf crop during this time has never included a natural y 
polled calf. Under such conditions, the frequency of the homed gene p 
•would be one and the frequency of the polled gene p would be zero. 
Notice that we assume that the frequency of a gene varies between zero 
and one. When the frequency of a gene is one, as in this example for t e 
horned gene, the population or herd is completely homozygous for t at 
gene. On the other hand, if the frequency of the polled gene were one, 
which is very unlikely, the frequency of the homed gene would be zero, 
and we could say that the herd or population was completely homozygous 
for the polled gene. 

For further illustration of the meaning of gene frequencies, let us make 
a mating of a homozygous polled bull with homozygous homed cows as 
follows: 


Pi Polled bull Homed cows 

PP X pp 

Fi All Pp Polled {inter sc) 

Ft 1 PP Polled 

2 Pp Polled 
1 pp Homed 

We may now ask what the frequencies of the genes P and p would be in 
the Fj. Obviously, all individuals in this generation would possess one 
gene of each kind, so the frequency of each gene would still be 0.5, since 
the total of the frequencies of both genes must equal one. 

We might also ask what the frequencies of the two genes are in the F z 
By calculation, we see that in the F 2 there are 4 P and 4 p genes, showing 
that the frequency of each gene is still 0 5. If we discarded all of the 
homed animals, however, there would be a total of 4 P genes and 2 p 
genes left, and the frequency of the two genes would be 0.67 and 0.33, 
respectively. 
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definite ratio, or will be in equilibrium in the next generation, at the 
frequencies of a\ 2 ab, and b~. From this definition, then, after one gen- 
eration of random mating, individuals of the genotypes involving the two 
alleles will occur at the following frequencies: 

Number of homozygous dominant individuals will equal a 1 , 

Number of heterozygous individuals will equal 2 ab. 

Number of homozygous recessive individuals will equal 

The use of this law in calculating gene frequencies in a population will 
be illustrated later. 


WHAT IS A RANDOMLY MATING POPULATION? 

Before proceeding with the discussion of the calculation of gene fre- 
quencies in a population, it is important to discuss more fully one im- 
portant point in the Hardy-Weinberg Law, i.e., randomly mating popu- 
lations. 

Random mating in a population for a certain character means that 
matings of individuals are made without attention to their genotype for 
that trait. Probably one of the best examples of the results of random mat- 
ing is the frequencies of human blood types involving the M and N 
alleles. Men and women pay no attention to these blood groups of their 
prospective spouses. In fact, very few people know what their genotype 
is for these blood groups, because this information seems to be of little 
importance from the physiological standpoint. 


CALCULATING GENE FREQUENCIES IN A POPULATION 

Since the M and N genes for blood types in humans are excellent ex- 
amples of random mating, and all three genotypes can be identified by 
a blood test, this trait will be used to illustrate the calculation of gene 
frequencies. 

Three hundred sixty-one Navajo Indians in New Mexico were tested 
for blood groups, and it was found that 305 belonged to blood group M, 
52 to blood group MN, and four to blood group A'. 1 Obviously, the oc- 
currence of the three genot>pes does not follow a 1:2:1 ratio as would 
be the case if matings among MN and MN individuals had been made. 
This docs not mean, however, that the M and N blood tjpes do not fol- 
low the Mcndelian laws of inheritance. Instead it means that the fre- 
quency of the N allele is much lower in that group than the frequency 
of its M allele. This may be demonstrated rather easily by the data in 
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TABLE 9 

FREQUENCY OF M AND N BLOOD GROUPS AMONG NAVAJO INDIANS IN 
NEW MEXICO 


Blood Group 

No of Individuals 

Number of 

M Genes 

N Genes 

MM 

305 

610 

0 

MN 

52 

52 

52 

NN 

4 

0 

8 

Totals 

361 

662 

60 


Table 9 Remembering that the sum of the frequencies of the two genes 
must equal one, and that in the population there is a total of 722 M and 
N genes, we make the following calculations 


Frequency of M gene = m - 0 918 
Frequency of N gene = -ffc = 0 082 


In many traits in farm animals, however, such as dwarfism in beef cat 
tie and red coat in the Black Angus breed, we cannot tell by visual in 
spcction which animals are heterozygous for the recessive gene We do 
ha\e some idea of the proportion of homozygous recessive individuals in 
the population By applying the principles of the Hardy Weinberg Law, 
we can estimate the number and proportion of different genotypes pres- 
ent in the population The accuracy of these calculations depend upon 
(1) the size of the population, (2) the correct determination of the pro- 
portion of homozygous recessive individuals and (3) the random mating 
of individuals in the population for at least one generation 
To illustrate the use of gene frequency analysis, let us assume that, in 
purebred cattle of a certain breed 4 out of every 100 calses dropped are 
warls Our problem is to determine the probable frequency of the dwarf 
I" *“ P°P U auo 1 and * h ' Probable frequency ol the heterozygous 
and the du f°V t' e Ca ‘ cuhuom "= Wll > refer to the norma! allele as D 
le obtam d, 2 Sub5mutl "S D for a and i for b in the binomial, 

non oTl rf l + 2 Dd + * The frequency, or the propor 
quen^r Of the dl" ’I" p0pulat,<,n '' ould equal V or 0 04, and The fre 

Zaz f ”„ e ,h ' aUk ,n thc population should be earners of the 
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Records indicate that approximately one Angus calf out of every 200 
is red instead of black. Using the same procedure used for the dwarf gene, 
we find that the frequency of the red gene is the square root of 0.005, or 
0.07, and the frequency of the black gene is 1 — 0.07, or 0.930. The ex- 
pected frequency of heterozygous black individuals in the population 
would be 2 (0.07 X 0.93), or about 13 out of each 100. 

Knowledge gained from a gene-frequency analysis may be used to de- 
termine the possible mode of inheritance of a particular trait in a popu- 
lation. Probably the most important point about gene frequencies, how- 
ever, is to realize how changes in gene frequencies are related to selection. 


SOME FACTORS WHICH MODIFY GENE FREQUENCIES 

The realization that genes vary in the frequency with which they occur 
in a population leads to the question of why they vary. The following 
are factors which can be responsible for such variations. 

Mutations 

Mutations can cause changes in gene frequencies. For example, sup- 
pose that a population is completely homozygous for the A gene. It is 
conceivable that, with new generations of individuals being produced, 
this gene may mutate to a. As more generations are produced, it is pos- 
sible for gene a to increase in frequency at the expense of gene A. Actu- 
ally, for mutations to have much effect in changing gene frequencies, they 
must occur quite often, and there must be a definite selective advantage 
for the new gene. Under such conditions, it is conceivable that eventually 
the new allele would largely replace the original one, A point should be 
reached, however, before the original gene is eliminated, where selection 
in one direction to eliminate one gene will finally equal the mutation 
rate in the other, so that the gene frequency in the population would 
become stable, that is, in equilibrium. This point, where the elimination 
of a gene becomes equal to its replacement by mutation, is called muta- 
tion equilibrium. 

Mutation equilibrium may be reached, theoretically, for another rea- 
son. It is well known that mutations are reversible, in that there is not 
only a mutation from gene A to a, but one from a back to A again. Fur- 
thermore, these reversible mutations are not always equal in their oc- 
currence. If we suppose that before a mutation occurs, the frequency of 
the A gene is 0.80, and that the mutations from A to a occur twice as 
rapidly as those in the opposite direction, a mutation equilibrium will 
eventually be readied. At first, the shift in the gene frequency would be 
toward a higher level of the a allele. Eventually, however, if the frequency 
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of the a allele became twice as great as that of the A allele, ' vh ‘* 
tated at ttv.ce the rate, there would be a status quo or eqml.bnitm ot tn 
alleles in the population. 


Selection 

With respect to farm animals, selection means that individuals pos- 
sessing certain traits are caused or allowed to reproduce at a more rapi 
rate than other individuals in the same population. Thus, individuals o 
a certain genotype are retained for breeding purposes in larger num er * 
than are others. This causes an increase in frequencies of some genes an 
a decrease in frequencies of others. Selection has been a very potent force 
in the past, as shown by the presence of different breeds of sheep, horses, 
and hogs, and by the different types of dairy cattle and beef cattle. O ne 
of the main differences between breeds is that they differ in the frequen 
cies of genes for certain traits. 

Mixture of Populations 

When one group of individuals migrates to another part of the country 
and interbreeds with the natives of that region, a change in the g ene 
frequencies of that population can occur, provided that both groups 
onginally differed in the kinds of genes they possessed for a particular 
trait. A good example of this is the cattle in the southwestern region of 
the United States where, several years ago, most of the cattle grown there 
possessed horns Later, breeders purchased naturally polled bulls and 
mated them to the homed cows The use of the polled bulls increased 
the frequency of the polled gene and decreased the frequency of the 
homed gene among cattle in that region. 


Genetic Drift 

Chance fluctuations of genes may be important, especially in small pop* 
ulanons Wright 3 has called this mechanism affecting gene frequencies 
random genetic drift For example, suppose that from a large herd of 
cows and hulls, some of which possess horns and some of which are polled, 
we select one hull and four cows for breeding purposes. If we pay no 
attention to whether they are horned or polled, it is entirely possible that 
y chance we might select those which were all homed. The new herd 
developed from these parents could be quite different from the original 
r»pu at'on tn the frequency of the polled or homed gene. Even in larger 
populations, genes may become either fixed or entirely lost due to chance 
o\er ns aUel^ 31 * tmC ** 3 par,lcular gene bas no selective advantage 
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Questions and Problems 


1. What is a population? 

2. Define the term gene frequency. 

3. What conditions must be met for the Hardj-Weinberg law to be applied to a 
population? 

4. What is the frequency of a gene when all individuals in that population are 
homozygous for that genfc? 

6. In a herd of purebred Shorthorns, 100 are red. 50 are roan, and 10 arewhite. 
What is the frequency of the red gene in the herd? What is the frequency 
of the white gene? 

6. What factor, or factors, may be responsible for the great difference in the 
frequency of the red and white genes in this herd 

7. Muscular hypertrophy in cattle is described as a recessive condition in which 

the thighs are extremely thick and full, with a deep groove between the 
muscles 7 8 9 In a herd of 1,000 cows, an average of 10 > calves P er J'** "* 

dropped over a five-year period. What is the probable frequency of the gene 
for this trait in that herd? 

8. In problem 7, what is the probable number of normal appearing carriers of 
this gene in this herd of 1,000 cows? 

9. Explain how genetic drift may be responsible for a change in the frequency 
of a gene in a population. 

10. Explain what is meant by the term mutation equilibrium. 
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A MUTATION MAY BE DEFINED AS 
a change in the self-duplication process of a gene so that a new allele 
is produced which differs from the original gene in its effect upon the 
expression of a particular trait Mutations may also be due to a change, 
or changes in chromosomes (chromosome aberrations), which may 
change the phenotype In a gene mutation the new gene duplicates itself 
exactly for succeeding generations or until another mutation occurs This 
is the explanation for the occurrence of several alleles in a multiple al 
Ielic senes 

Mutations may occur in genes either in the somatic cells or in the ger- 
minal cells Somatic cell mutations are not transmitted from parents to 
offspring, so they are not of great importance genetically An example of 
a somatic cell mutation is the occurrence of a black hair spot on the red 
portion of the coat of Hereford cattle If a mutation should occur in the 
somatic genes for coat color in this breed, it would be dominant since 
black is dominant to red 

Mutations are responsible for genetic sanations in our farm animals 
If genes could duplicate themsehes perfectly for generation after genera 
tion o\er a period of thousands of >ears without a single mistake, mem 
bers of a gnen species would have the same color, would be alike for the 
qualitative tram, and would not be divided into dtstmct types and 
breeds All sanations that exist would be superficial environmental effects 
and would not be transmitted from parents to their offspring 

Familiar mutations tn tarm animals are due to changes m the com 
jxtsiuon ol the genes themsehes In plants and lower forms of animals, 
rhr'™"' “ ” mutauons also are often due to changes in the 

taZ T " ,Ke are “>'«> chromosome aberrations S.m.lar mu- 

tanorn must also occur m larm annuals, but they hate not been .denu 
r ' nmat,om ln iolitng changes tn spectfic gene, seem to be of 

the greatest tmportance tn annual breed.ng. we wtll discuss these first 
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FIGURE 19 Albino 
Hereford dwarf illus- 
trating THE OCCURRENCE 
OF A RARE MUTATION IN 

cattle. (Courtesy or 
M. E. Ensminger, Wash- 
ington State Univer- 
sity.) 



OCCURRENCE OF MUTATIONS 

Many mutations in farm animals have occurred in the past and will 
continue to occur in the future. References in the Holy Bible show that 
mutations occurred in humans many years before the birth of Christ 
although the reason for their occurrence was not then known. In 2 Samuel 
21:20, it is written, “And there was yet a battle in Gatl. where was a man 

of great stature, that had on every hand six fingers, an on esery oo six 

toes, four and twenty in number; and he also was born to the gian . 
This particular characteristic is now known as polydactyly and is known 
to be inherited as a dominant trait. It had its origin from a mutation 

affecting finger number. , 

One of the first mutations affecting body form in farm animals appear- 
ing in American farm records is the case of the Ancon sheep that was 
mentioned earlier.* Polled cattle developed from an original mutation 
of the horned to the polled gene; and the different colors m all of our 
farm animals probably are the result of mutations from some original 
color in animals before domestication. Many inherited defects l ate been 
reported 6 - 7 for the different species of farm animals showing [that : a tre- 
mendous number of mutations have occurred in the past and are 
present in tile animal populations in the rccessisc state. , 

Research in genetics shows that some genes are more sale taoAa 
and that mutations occur in them less often than in others. In ihu«m 
u has been estimated* that the rate of new mutations per 100,000 gametes 
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ranges from 1 4 to 8 Other estimates 1 suggest that the total rate of mu 
rations for the 5,000 or more loci assumed to exist in the chromosome 
entity of humans results in an average of about one new mutation in 1 
or fewer gametes It is also belies ed that the hidden recessive and semi 
dominant load of mutations in the human species may average eight or 
more per person If this is true in humans, undoubtedly the same is true 
in farm animals 

The discovery or the appearance of new mutations depends to a cer- 
tain extent upon whether the) arc dominant or recessive in their expres- 
sion If the)’ are dominant, they are recognized immediately but if they 
are recessive, they may be earned in a population for generation after 
generation and may not be discovered unless two individuals are mated 
that carry the same recessive gene Even then, for any one mating, the 
chances are only one out of four that a homozygous recessive individual 
will result. From this we can say that the discovery of a new mutation is 
dependent entirely upon our ability to measure or observe the expression 
of a gene that is different from other alleles in that particular senes 


IMPORTANCE OF MUTATIONS 

Observations made by many geneticists indicate that an overwhelming 
majority of mutations are recessive, and detrimental to the organism A 
few, such as the polled trait m cattle, may be beneficial, but we have to 
observe a large number of mutations before we find one that is beneficial 
In the past, the animal breeder has spent very little time in eliminating 
harmful mutations from his herd, because he has not recognized them 
as being very important. The appearance of the condition of snorter 
dwarfism, m which there must hase been some selective advantage for 
the heterozygous individuals, is an exception, breeders directed much 
attention to the elimination of this defect Mutations resulting in defec 
me development of farm animals m which the heterozygote does not 
ve a selective advantage will not become very important in the future 
urdess inbreeding is practiced, but our ideas on this could change as more 
information on the subject becomes available 


HOW MUTATIONS BECOME ESTABLISHED 
IN A POPULATION 

erabhsh tT.rr™ Y e dClnmem - 11 and how do the, become 

„ ir“r.h ha ' e onsma,ed ^ trom a 

for a eenes t ant * there are several possible reasons 

gene, increasing m frequency at the expense of us allele or alleles 
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One is the rate o£ recurrent mutation at that particular locus on the 
chromosome. It was pointed out earlier that genes differ in their rates 
of mutation, some mutating much more often than others. Thus, a gene 
that undergoes mutation very frequently would have a better chance of 
gaining a foothold in a population than would one that mutated much 
less frequently. Another reason is that the heterozygous individual may 
be favored by either natural or artificial selection in a particular environ- 
ment. In such a case, the frequency of the recessive gene would be in- 
creased, even though the homozygous recessive individual might not be 
capable of reproduction. The selective advantage of the heterozygous in- 
dividuals need not be exceedingly great if the gene mutates frequently 
and if there is a long period of time for the selection forces to operate. 
A third reason is that the segregation ratio may be abnormal, with the 
recessive gene being carried in the gametes more o ten t . an norma . 
was pointed out by Crow , 1 the short-tailed condition in mice occurs more 
frequently than expected, and this may be due to some process w ere y 
the gene for this trait segregates in the gametes at a higher rate than is 
normal or expected. 


CHROMOSOME ABERRATIONS 

Chromosomes do not always behave in a normal manner in the process 
of mitosis and meiosis* They may fail to separate at meiosis, so that the 
gamete either has an extra chromosome or lacks one. n some 1 , 

whole sets of chromosomes may be duplicated in t e game e. 
some may rearrange itself so that the genes may be located in a different 
order, and this may have a decided effect on the expression of a Particular 
:ne. Instead of an entire chromosome being duplicate , on y P 
ay be involved. In addition, there may be an exchange of parts between 
ro chromosomes which are not homologous. These ab “™ a '“ ieS 
nown as chromosome aberrations (deviations from normal) and may 
mse decided changes in the phenotype of an mdividua ■ 

Many chromosome changes have been reported in plant i and Ho er 
arms o y f animals, and, as was pointed out n Chapter l . ccts u 
s Mongolism and Klinefelter's syndrome in humans are due to sue h 
bnormalities. The importance of chromosome aberration m lnrin a 
aals has been given little attention, but this is a promising Uo r, 
card, in the future. Tossibly many defects m farm animals dt 

ome form of chromosome abnormality. • «rrn»nn« in 

Many different agents are known to cause chromosome abero. on m 
plants and lower forms of animals. The duplication of enure 
diromosorr.es (polyploidy) in some plants, sue i as ■ • j 

chrysanthemums, has been useful in some instances in producing larger 
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TOd more vigorous plum Tlic principle Ins not been opplictl to farm 
animals and we do not know [or certain the possible application to am 
mal breeding Indications are however that the induction or pol)plold) 
in farm animals may not be possible because of accompanying sterility or 
failure of embryo development 


INDUCTION OF MUTATIONS 

Research work ruth plants 9 and with insects 3 4 lias shown that muta 
tions may be caused by exposure to certain chemicals and X rays These 
artificially induced mutations arc similar to those which occur under 
natural conditions From the study of induced mutations one important 
fact has been discovered — that even though the mutation rate can be 
greatly increased by artificial means the mutation of a particular gene 
cannot be controlled at will That is one cannot attempt to induce de 
sirable mutations artificially For the livestock breeder this means that 
it is not practical to use X rays and chemicals on breeding stock to induce 
mutations for even if this could be done many defective genes would 
appear before a favorable mutation was found and defective genes would 
occur with the favorable ones 

For the present at least the livestock breeder can watch for the rare 
favorable mutations which might occur to cause an improvement in the 
present-day breeds of livestock This however is going to be much harder 
than looking for the proverbial needle in a haystack and conceivably i* 
of lmle or no value m constructive livestock breeding The more desir 
able practice is to weed out the detrimental mutations that now exist in 
our breeds of livestock and to improve existing stocks through proper 
mating and selection systems for these have proved to be reliable methods 
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Questions and Problems 

1. Explain the meaning of the term mutation. 

2. What is the mode of inheritance of most mutations? What is the importance 
of a knowledge of this to the animal breeder? 

S. Explain the difference between gene mutations and chromosome aberrations. 

4. What is meant by a somatic cell mutation? 

5. What causes a new mutation to become established in a population? 

6. What is the importance of mutations to the animal breeders? 

7. Explain why die artificial induction of mutations in farm animals is of little 
value at the present time. 




Detrimental and Lethal Genes 
in Farm Animals 


The literature contains numerous 
reports o£ detrimental genes in farm animals. Some of these genes hase 
such a drastic effect that they cause the death of the young during p rC 8‘ 
nancy or at the time of birth. Such genes are referred to as lethal (deadly) 
genes. Other genes, which are called sublethal or semilegal, cause the 
death of the young after birth or some time later in life. Still other genes 
do not cause death, but definitely reduce stability or sigor. These will be 
referred to as nonlethal or detrimental genes. 


WHEN LETHAL OR DETRIMENTAL EFFECTS OCCUR 

A lethal gene may have its effect any time from the formation of the 
gamete until birth or shortly afterward In a strain of horses, a sex-linked 
recessive lethal has been reported that kills approximately one-half of 
the male offspring of carrier females, so there are approximately twice as 
many females as males at birth It is possible that such a genetic defect 
may also be present in other species of farm animals Frequently a cow 
or mare is mated, and apparently conceives, because she does not show 
signs of estrus at the time of the next regular heat period, but returns 
to estrus at a later date. Possibly conception takes place, but the zygote 
or embryo dies because of lethal gene effects; it is resorbed, and the fe- 
male resumes the normal estrous cycle. There is good evidence that lethal 
C f USe m sw,ne during pregnancy, because inbreeding 

Thic ^ Cm ? mC death . losses whereas crossbreeding decreases them- 
ggests that genes with nonadditive effects are involved, 
at the P r .°P° rll0I \°* death losses in young farm animals occurs 

at the time of birth or within a few hours thereafter. Very often, when 
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the animals also have some obvious external defect studies have been 
made to determine whether lethal genes are involved In many cases they 
have been found to be responsible, and the mode of inheritance h ,a b en 
determined. When the dead young show no obvious external defects, 
possible genetic cause of death is less likely to be '^ugamd 

Many times lethal genes have their effects on the internal organs. A1 
thougl/such inherited 8 traits have not ^en fully investigated we know 
they must exist, for increased inbreeding is followed by higher death 
losses in the young from birth to weaning, w lereas os animals 

during this period accompany crossbreeding, n a , during 

inbreeding and crossbreeding seem to have t eir gre 
this period of life. As was true with embryonic death losses, genes 

nonadditive effects must be involved. , Wcpc in 

Sublethal or semilethal genes are responsible for some death r lo ses m 
farm animals. Dwarfism in Herefords, resulting f"™ *e rnatmg C ° ™ 

prest with Comprest, is such an example. The dwarfs ar bo™ ' 
a general rule, but almost invariably they d.e before they are yea 

Other genes with no obvious visible ^ ^‘"^undoubtldly, 

press themselves in the reduction of life p . . mav be of 

many ot these genes have escap^ det^ton^eve^ J 

as great economic importance as those g 
effects. 


MODE OF EXPRESSION OF LETHAL 
OR DETRIMENTAL genes 

Most detrimental and lethal genes are either races* ive ^ 
inant and must be present in the b-^f^V«nes afiecl the hetero- 
effect. In some instances, the partially nhenotvne between 

zygous individuals so that they are intermediate in phenotype 

the normal and the homozygous n( at low frequencies in 

Detrimental recessive genes ar ^ E , v feeding or linebreeding will 
a population, and, in many cases, o y Knowing that liomozy- 

cause their occurrence in the with the 

gous receives of detrimental genes | PP d and avoid it. Because 
practice of inbreeding, breeders ha j. , e ff ort toward 

of the low frequency of these gene*. " in their herds. Sometimes, 
eliminating or controlling their app , .. become rcla- 

hovvever, the frequency of a lethal «hi* 'caused con, id- 

lively high, as was tlie case wi tli sn orm ^ ca[|lc in lhe 1 950's. 

crable economic loss to some e ” °, .^'Tn many ficrds that numer- 
Thc frequency of the dwarf gene was so high in many 
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ous individuals of the homozygous recessive genotype were produced even 
without inbreeding 


COAT COLOR AND DETRIMENTAL GENES 


Experiments mostly with small laboratory animals indicate that in 
some instances genes affecting coat color also affect the vigor of the indi 
vidual In mice it is known that coat color is affected by genes located 
at 24 or more loci on the chromosomes and that many of these genes have 
highly specific effects on other characters such as skeletal growth and the 
development of certain body tissues 05 30 One of the first of these effects 
was found in a certain strain of yellow mice many years ago When yel 
low mice were mated they produced approximately two yellow to one 
nonyellow offspring rather than the 3 1 ratio expected if yellow vs ere 
dominant and nonyellow were recessive and yellow mice were heterozy 
gous It was found that homozygous yellow individuals died at an early 
stage of gestation and the surviving yellow animals were heterozygous 
Thus a lethal gene was related to the homozygous yellow color Platinum 
foxes are also known to be heterozygous because they produce two plati 
num to one silver offspring when mated The homozygous platinum in 
dividuals apparently die before birth as a general rule 

Some lethal coat colors have also been reported in farm animals In 
sheep of certain gray breeds the mating of gray with gray individuals 
results in progeny of which one fourth are black and three fourths are 
gray This indicates that black is recessive A large proportion of the gray 
lambs possess an abnormal abomasum as well as other defects of the 
digestive tract that causes death within a few months after birth In 
horses there is also some evidence that the true albino of the homozygous 
genotype may die before birth 12 


any other examples could be given that suggest a relationship be- 
tween coat color and some other traits It is not known for certain whether 
one gene is having the multiple effect or two or more genes are so closely 
inked on the same chromosome that only one seems to be responsible 

either A a11 lnslances the color g enes having a detrimental effect are 
e ther dominant or partially dominant in their phenotypic expression 


EXAMPLES OF DETRIMENTAL AND LETHAL GENES 
IN FARM ANIMALS 

detrimental* T ** llterature have described the occurrence ol 

each vear The 3 c ^ DeS farm amma,s an d new reports appeal 
each year The mode of the inheritance of some of the traits has not beer 
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definitely established, because in some instances only a few affected ani- 
mals were observed and mating tests to prove the mode of inheritance 
have not been made. This should be kept in mind when statements are 
made about the mode of inheritance of any one trait. Sometimes, traits 
are determined by more than one pair of genes, or by genes that vary 
in their expression or by genes showing incomplete penetrance. This 

serves to complicate the situation. 

Some traits which are undesirable or lethal will be discussed in die 
remainder of the chapter. No attempt has been made to make th^ list 
complete. The list of references should emphasize the fact that many 
genetic defects have occurred and that breeders should recogm “ ' ^ ” 
when they occur in their herds and flocks. Methods of controlling or 
eliminating such genetic defects are discussed in Chapter 14. 


EXAMPLES IN CATTLE 


Achondroplasia 1 

Affected calves have short vertebral columns inguina 1 hernia rounded 
and bulging forehead, cleft palates, and very short egs. Thehomozygo s 
dominants are bulldog, the heterozygotes are ex ers , are 

gous normals are Kerry, About one-fourth 

aborted after their death in the sixth to eig s ; m j. 

following a pronounced accumulatic British Friesian 

l ■“ 

genes to have the lethal effect. 14,42 


Achondroplasia 2 

This condition has been described in the Telemark cattle^ Norway 
and is similar to the bulldog aU- AffetM calm ^n obstruction A 
but die within a few days after birth du P and Ayr . 

similar condition has also been reported m Jersey , ^ 

shires. The mode of inheritance appears to be recessi . 


Achondroplasia 3 

„ , , . r , pf „ rt ; s au ite variable in expression 

Described in the Jersey breed the defec ^ ^ ^ appcndicular 

and is usually, but not always lethn ’ f d bcing sho rt and broad, 
skeleton may be affected. The head is ^ ’ xtremc ca scs, the calves 

and the legs are slightly rcdu “ d * n 0ne 8 a g«ted calf lived for 11 months, 
are stillborn or die soon after birth. On . . involved. 22 

^hen it was slaughtered. A recessive gene seem 
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Agnathia 

This lethal condition has been reported in Angus and Jersey cattle 
The lower jaw is several inches shorter than the upper, and it has been 
observed only in male cahes so it may be a sex linked recessive 18 


Amputated 

The forelimbs end with the arm or humerus and the hind legs are 
sometimes present and sometimes absent from the hock down Cleft pal 
ate and hydrocephalus hate also been observed Calves arc stillborn or 
die soon after birth The defect was obsened in Swedish Friesian cattle, 
and is a recessive 8 ® 

Bulldog Head (Procnathism) 

Observed in a grade Jersey herd The skull is broad the eye sockets 
large the nasal bones short and broad and the forehead broader than 
normal The condition is associated with impaired vision in partial or 
full daylight Recessive 7 

Cerebral Hernia 

Described in Holstein Friesian calves The affected calves have an open 
mg in the skull because of a failure of ossification of the frontal bones 
The brain tissue protrudes and is easily seen Affected calves are stillborn 
or die soon after birth Probably a recessive 50 


Comprest Herefords 

An extreme form of compactness m body conformation involving a 
partially dominant gene One gene produces a comprest individual and 
two a dwarf the comprest or heterozygote being more or less lntermedi 
ate in phenotype between the dwarf and normal The homozygous con 
dition is usually lethal 11 


Congenital Lethal Spasms 


th^heacTlmfl 65 v h ° W a commual intermittent spasmodic movement < 
the head and neck usually m the vertical plane Lthal recessive " 


Congenital Cataract 

The lens of the affected calves shows an opaque body beneath the cor 
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nea. The cornea usually becomes enlarged as the animal grows older and 
becomes distorted in shape. Vision is somewhat reduced. Nonlethal re- 


cessive. 23 


Curved Limbs 

A lethal character reported in Guernsey cattle. The hind legs are grossly 
deformed, with the hocks held close to the body and scarcely flexed for- 
ward. Probably a recessive. 21 


Doddler Cattle 

Affected calves suffer extreme muscle spasms, convulsions, nystagma- 
tion, and dilation of the eyes. Respiratory movements are uncoordinated 
and difficult. A lethal recessive. 28 

Ducklegged Cattle 

Observed in grade Herefords. The body is of norma 1 size, but the legs 
are greatly shortened. Probably dominant an non e 

Epilepsy 

Symptoms are the lowering of the head,: chewing of I the mngu e.^foam- 
ing at the mouth, and finally a co'kjpse ^mto^ excitement . 

irregular intervals and are usually bro g 7 

Dominant. 2 


Flexed Pasterns 

A semilethal condition in Jersey “cl 

feet in some cases are completely turnc • norm al s ibs but 

are not affected. Affected calves are as «B^ US ^ ^ abnormaIity j 5 
seserely afllicted calves cannot nurse s weeU but gradually dis- 

present at birth and persists for a few day 
appears. Recessive. 3 - 41 

Harelip 

_ 1 nhes are unilaterally hare* 

Described in Shorthorn cattle. A<fcc ^ bm |hc lianl prime 

lipped, and the dental pad on that 5ll,c .tjniculty nursing. Epistasis 
ts fonued. Young calves so affected cxpcricn 
may be involved. 83 



84 


Detrimental and Lethal Genes in Farm Animals 


Hairixssnxss 

This condition has been described in several breeds, but it is not known 
if it is determined by a recessive gene at the same locus. There is \an a 
tion from partial to almost complete lack of hair. Most reports indicate 
that it is due to a recessive gene . 32 


Hydrocephalus 

Affected calv es have a bulging forehead ahd enlargement of the cranial 
vault. The limbs and other bones are sometimes involved. It has been 
described in several breeds, and more recently in the Hereford. The trait 
is lethal in most cases and is recessive . 13 


Hypoplasia of the Ovary 

An underdeveloped condition of the gonads in both sexes "When both 
gonads are involved, the animal is stenle, and when one is involved, the 
animal is less fertile than normal A recessive gene with reduced pene- 
trance seems to be the cause . 19 


Impacted Molars 

Described in milking Shorthorns Impaction of the premolar teeth in 
the mandible, which is greatlj reduced in length and width, giving a 
parrot mouth appearance The calves die within the first week after birth. 
Recessive 21 


Long-headed Dwarf 


Body proportions are similar ,o those ol the snorter dwarf, but -with 

due toT 3Se V head becoraes lon S er and narrower. Seems not to be 
due to the gene that causes snorter dwarfism. Recessive/ 


Multiple Lipomatosis 

pe^n a?a'C^\“ m ‘ Sl t ,n8 ad 'P° 5c ™ the perineal area, a, 

cases, die lat dervi??" ’ g ', 1 lnd becomes ptogressisely larger. In sora 
system from funrt^ '° n mvades the “dder and presents the mammal 

.ndTp^ X'aTn 8 n0m,a111 ' U in -ales and fetnal, 

ppears to be a dominant gene sstth complete penetrance.* 
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Muscle Contracture 

The limbs are bent, and the joints are rigid and ankylosed. The head 
is stiff and drawn up toward the back. Recessive lethal.- 9 


Muscular Hypertrophy 

Described in a crossbred Africander-Aberdeen Angus line. The thighs 
are extremely thick and full, with a deep groove between the vestus lat- 
eralis and semi-membranus muscles. Affected animals often assume an 
unusual stance, with the fore and rear legs extended anteriorly and pos- 
teriorly. Appears to be due to a recessive with variable expressivity. The 
heterozygotes appear to be favored in selection. 33 

P OLYD ACTYLISM 

Individuals with extra toes on one foot or all feet have been reported 
in several breeds. The trait is sometimes accompanied by lameness and 
therefore is undesirable. The mode of inheritance is not clear, but a 
dominant gene may be involved. 47 


Prolonged Gestation 


Gestation is prolonged to 310 to 315 days with calve, ^eighing from 
HO to 168 pounds at birth. Calves are thought to be homozygous for a 
lethal recessive gene. 43 


SEMt. hairlessness and a] thc underline 

Hair is absent from the margin of ‘ . . . r .1 

from the brisket to the udder, on the inside ° ^ S’ 
neck, shoulder vein, sides and thighs. Recessive. J 


Screwtail 

This trait is caused by a fusion of and some a 

vertebrae at the end of the tail. Some calves show 
single kink. Nonlcthal recessive. 33 


Short Spinf. 

ihmit one-half the normal length. 
T he \crtcbral column is shortened 1 * 

CaUcs arc stillborn or die shortly after irt 1 . 
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Snorter Dwarfism 

Dwarf calve are usually thick and blocly at birth, and the difference 
between ditarfs and normals become more noticeable with increasing 
age. Dwarfs have difficulty in breathing, hence the name "snorter” The 
same gene is present in both the Angus and Hereford and possibly in the 
Shorthorn. It may also be present at a low frequency in other breeds. 
Semilethal recessive. 31 


Strabismus 

The eyes of affected animals are crossed, and protrude abnormally. 
The trait is not evident at birth, but develops at 6 to 12 months of age. 
Recessive . 48 

Stumpy 

Affected individuals have curly hair coats, the tail snitch is smaller 
than normal in amount and length, and achondroplastic conditions are 
more apparent in the fore than in the rear legs. Nonlethal recessive. 5 

Syndactylism 

Individuals have one rather than two toes on one or more of their feet. 
Probably recessive. 17 

Umbilical Hernia 

Described in Holstein Friesian cattle. The hernia appears at the age of 
8 to 20 days and persists until the calves are 7 months of age. At that 
time the hernial sac seems to contract, permitting the hernial ring to 
dose. Appears to be limited to males and rs dominant. 53 


White Heifer Disease 

Observed in white dairy Shorthorn heifers The hymen is constricted, 
the anterior vagina and cervix are missing, and the uterine body is rudi- 
mentary. Sex limited recessive gene seems to be involved. 51 

Wrytail 

A malformation resulting in the distortion of the tail head, with the 
base of the tail being set at an angle to the backbone instead of in line 
with it. Found in several breeds. Recessive. 1 
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EXAMPLES IN HORSES 


Abracia 

This terra refers to the absence of the fore limbs, and was observed in 
an inbred line. Probably a recessive lethal. 39 

Aniridia 

Characterized by the absence of the iris, with secondary cataracts. Ob' 
served in the Belgian breed. Dominant. 20 

Atresia Coli 

A condition resulting from the closure or partial closure of the ascend- 
ing colon in the region of the pelvic flexure. Observed in inbred Per- 
cherons. Lethal recessive. 87 

Bleeding 

The presence of fragile blood vessels in the nasal mucosa, which have 
a tendency to burst. Has been observed in the English Thoroughbred. 
It is a semilethal condition and seems to be recessive. 87 

EpITHELJO-CENESJS iMPERrECTA 

Foals are born alive, but the hair coat is lacking in some areas of the 
body. Sometimes a hoof is missing. All foals die within a few days of 
birth. Recessive. 38 


Frederiksborg Lethal 

Attempts to propagate a small group of rare white horses in Denmark 
led to inbreeding and apparently the dissolution and disappearance of 
the breed. It was suggested that a lethal recessive factor caused the death 
of the fetuses. 87 


Hereditary Foal Ataxia 

This has been reported in a German breed, the Oldenburg. Symptoms 
appear at S to 8 weeks of age. Affected animals first show periodical failure 
of muscular coordination or irregular muscular action, then collapse. 
Death occurs in 8 to 14 da)s after the sjmptoms become evident. Re- 
cessive 3 * 
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Scrotal Hejlma 

This trait appears to be due to an incompletely dominant gene mlh 
low penetrance 52 


Umbilical Herma 

Reported as a simple recessive trait 2 ’ 

Wryneck 

A contraction of the cervical muscles results in a twisted neck and un 
natural position of the head One form may not be inherited, but a con 
genital condition in foals is inherited as a lethal recessive 24 

EXAMPLES IN SHEEP 

Amputated 

The legs are missing at the fetlock joints in new bom lambs Mode of 
inheritance not established 58 

Dwarfism 

Parrot mouth dwarfs have been observed in a strain of Southdown 
sheep All lambs affected die within a month of birth Semilethal reces* 
sive 8 

Lethal Gray 

The homozygous gray individuals appear to die either during embry 
omc life or early in postnatal life The gray color is apparently due to a 
partially dominant gene 18 

Muscle Contracture 

The limbs are ngidly fixed in many abnormal positions at birth with 
only a small amount of movement possible in the joints This often makes 
parturition difficult The lambs are nearly always dead at birth Lethal 
recessive 48 


EXAMPLES IN SWINE 

Atresia Am 

A congenital condition resulting in the lack of an anus m both sow 
and boar pigs Male pigs die within 2 or 3 days after birth, whereas sow 
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pigs sometimes live and reproduce An opening of the colon into the 
vagina in sow pigs allows defecation to take place through the vulva 
The condition has been observed in several different breeds It has been 
suggested that two pairs of dominant genes (epistasxs) is involved, but 
other modes of gene expression and other genes, as well as environment, 
may be involved 8 


Hair Whorls 

Whorls of hair appear on different parts of the body This condition 
is undesirable but is not lethal Two pairs of dominant genes (epistasis) 
seem to be involved 45 


Hemophilia 

The failure of the blood to clot has been observed in some animals 
within an inbred Poland line at about 2 months of age The abnormality 
appears to increase in severity as the pigs grow older Some boar pigs that 
tv ere castrated late in life bled to death Semilethal recessive 10 


Hydrocephalus 

Affected pigs are born dead or die within a day or two Lethal reces 
sive 54 


Mule Foot 

A condition in swine tv here the hoof is solid, as m the mule Nonlethal 
dominant 40 

Paralysis 

The hind legs are affected, and the pigs crawl onl) by means of the fore 
legs, which are less affected All pigs die within a few da)s Recessive® 


Red Eves 

Observed m Hampshire swine which also had a light brown or sepia 
hur coat Not Ictlnl, but undesirable, because Hampslnres are black with 
a white belt Probably a recessive 48 
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Questions and Problems 


1 XVhai js meant by l etbsl genes? 

2 Are lethal genes usually dominant or recessive? Explain 
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3. At what time during life do lethal and sublethal genes express themselves? 

4. Why is the mating of related individuals often associated with the occurrence 
of lethal or detrimental traits in farm animals? 

5. What is indicated about the frequency of an undesirable gene when it is 
often expressed by the mating of non-related individuals? Explain. 

6. How important are lethal and undesirable genes in animal breeding? Why? 




Quantitative Inheritance and 

Its Measurement 


The discussion of the different 
types of gene action in Chapters 5 and 6 showed that the expression of 
some inherited traits is governed by only one or two pairs of genes, 
whereas that of others is got erned by many pairs The former type of 
inheritance is referred to as qualitative and the latter as quantitative in 
hentance In qualitative inheritance, a small number of genes is involved, 
and there is a definite and sharp distinction between the different pheno- 
types Coat color in Angus cattle is a good example, all animals being 
either black or red 

In quantitative inheritance, many pairs of genes are involved, and there 
is no sharp distinction between the different phenotypes, the differ 
ences being ones of degree only Many traits in farm animals w hich are 
of the greatest economic importance are good examples of this kind of 
inheritance, including fertility, rate of gain efficiency of gain, milk pro- 
duction, and carcass quality The expression of these traits is affected by 
many pairs of genes as well as by environment. 


HYPOTHETICAL EXAMPLE OF QUANTITATIVE 
INHERITANCE IN FARM ANIMALS 

For an example of quantitative inheritance, let us use backfat thickness 
in swine Actually, many pairs of genes may be involved m the expression 
of this trait, and their action may be nonadditive as well as additive in 
nature. In addition, each gene may not contribute equally to the control 
of production of backfat Environment can also play a very important 
part in the expression of this trait. However, for the sake of simplicity, we 
shall use only two different pairs of alleles, and we shall assume that each 
contributes equally toward backfat thickness 
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Let us assume that the residual genotype is 0.80 inches of backfat 
thickness, since it has been suggested 3 that this probably is the least 
amount of backfat, from the genetic standpoint, that we can expect to 
obtain in pigs at the usual market weight of 200 to 225 pounds. 

The following information will be used in this example: 

B and F are contributing genes which add 0.20 inches of backfat thick- 
ness in swine. 

b and / are neutral genes which add nothing. 

bbff is the residual genotype, with 0.80 inches of backfat. 


Pl 

BBFF 

X bbff 


1.60 inches 

0.80 inches 

Fi 


BbFf (inter se) 

1.20 inches 

F, 

Genotypes 

Phenotypes 


1 BBFF 

1.60 inches 


2 BBFf 

1.40 “ 


i bbjs 

1.20 “ 


2 BbFF 

1.40 “ 


4B4F/ 

1.20 “ 


2 Bbff 

1.00 " 


1 bbFF 

1.20 “ 


2bbF/ 

LOO “ 


!»// 

0.80 “ 

The phenotypic ratio in the F s 

would be 

1 

1.60 inches 


4 

1.40 “ 

Mean = 1 .20 inches 

6 

1.20 “ 

Variation = 0.80 to 1.60 

4 

1.00 “ 


1 

0.80 “ 


As shown in Figure 20, the F 2 

individuals form a normal frequency- 


tribution curve. 

Let us look at the results of these crosses. Notice that the mean of the 
F t offspring was 1.20 inches in backfat, which coincides exactly with the 
mean or average of the two parents, and that the variation of individuals 
from this mean is zero. Considerable variation is noted, however, in the 
F« individuals, with a range from 0.80 to 1.G0 indies. But when wc cal* 
eulate the mean for the F 2 individuals, wc find that it also is 1.20 indies, 
the same as in the F t . This is an excellent example of how two means may 
be the same but the individuals within the population may vary widely 
in one instance and not at all in another. 

In actual practice, the instances would be rare where the results were 
as perfect as those in the example above. One reason is that, in selecting 



95 


Quantitative 


Inheritance and Its Measurement 



FIGURE 20 Illlstration of how the phenotypic ratio 

or THE OIHYERIO CROSS INS OUTING only ADom'X GENE ACTION 
AND NO ENVIRONMENTAL EFFECTS fOKitS A NORMAL nt&QLENCY 
LISTBJEUTION CURVE. 


individuals foT the Pi mating it would be difficult, if not impossible, to 
find those that were homozygous for contributing genes or neutral genes 
The trait mil hate been affected by environment, sex, and amount and 
iunds of feed, as well as other factors These other effects would be con 
fusing in the other generations as well Another important factor, in 
practice, i* that often the mean of the f\ individuals does not coincide 
exactly with that of the parents, but may be closer to the mean of one or 
the Other parental gioup Many times, of course, this could be due to 
chance fluctuations but at other times it may actually be a real observa 
tion 


In practice, the fact that the mean of the F x does not comade with the 
mean of the parents would indicate that the genes involved contribute 
heir effects through certain kinds of interactions rather than m an addi 
ive manner Instead of adding or subtracting constant amounts, they 
ieera to multiply or divide the deviation from the residual genotype by 
some constant amount As a result, the mean of the F t population tldoser 
_,_ C RCOInctnc m “ n llun to arithmetic mean of the parents The 
geometric mean is the square root of the product of the parental means 
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If genes act in a multiplicative manner in affecting a quantitative trait, 
any deviation of the T x from the geometric mean of the two parental 
groups would indicate that dominance and epsstasis are involved 
Evidence is now accumulating that additive gene action alone is not 
responsible for the inheritance of quantitative characters, but that other 
types of gene action such as overdommance, dominance, and epistasis may 
also be important Furthermore, environment is an important cause of 
variation in most traits The determination of the relative influence of 
each of these different kinds of gene action and of environmental factors 
on economic traits in livestock would be helpful in devising the most 
effective mating and selection systems 


ACTUAL EXAMPLE OF QUANTITATIVE INHERITANCE 
IN FARM ANIMALS 

Backfat thicknesses of 270 pigs, measured at a market weight of 200 
pounds, are presented graphically in Figure 21 Note that these figures as 
sume the bell shaped frequency distribution curve that is characteristic of 
quantitative traits in a population In this actual example, environment, 
as well as heredity, has caused variations For backfat thickness as well as 
for other traits, the environmental effects may be very large, and the 

FIGURE 21 Illustration showing the distribution of 
BACKTAT THICKNESS AT 200 BOUNDS LINE WEIGHT IN 270 PICS 
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breeder must control them as much as possible. For instance, animals to 
be compared should be given the same hind and amount of food. For fac- 
tors that cannot be controlled, such as age and sex, adjustments should be 
made in the figures. The methods for making such adjustments will be 
discussed in each chapter on each of the species. 


STATISTICAL METHODS FOR MEASURING 
QUANTITATIVE TRAITS 

Since, in quantitative inheritance, the phenotypes are not distinct and 
separate but exhibit a series of variations between the extremes, mathe- 
matical methods have been devised for measuring and describing popula- 
tions. Some of these methods will now be discussed, using the backfat 
thickness of 10 pigs picked at random in the population of 270 pigs 
recorded in Figure 21. 

The Mean 

Everyone has calculated averages, or means, so little time will be spent 
on this particular statistical measurement. Nevertheless, to help the 
student to become familiar with the use of symbols and formulas, the 
mean may be stated as follows: 



Many statisticians refer to the mean for a group of individual observa- 
tions as bar X or X. The symbol X refers to each individual item or ob- 
servation, and the Greek symbol £ means to add all items in the group. 
The letter n refers to the number of X stems in the group of data to he 
summed Using data tabulated in Table 10, we substitute in the formula 
and calculate the mean backfat thickness of the 10 pigs: 

X — ** 38,5 millimeters 

The mean summarizes all values into a single figure that is typical of 
the entire set of figures in that it is intermediate among the individual 
values If successive samples of backfat thickness in groups of 10 pigs were 
taken from the data in Figure 21, w e would find that the means of the 
i erent samples of 10 would vary less than do the individual figures. 

is is one of the reasons why means are used to describe groups of in- 
dividuals in a population. 
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The Range 

The range is a very rough measure of the \anation within a population 
It is determined by finding the lowest and the highest values within a 
series or group of figures The range of the items in Table 10 is from 31 
to 47 millimeters, and this is the most extreme variation possible in this 
group of data The chief disadvantages of the range as a measure of 
\ariation are that it is subject to chance fluctuations and that it becomes 
larger as the size of the sample increases Tor instance, the range m bach 
fat thickness in the entire 270 pigs included in Tigure 21 was from 25 to 
51 millimeters, which is considerably larger than the range of the small 
sample of 10 pigs given in Table 10 


The Variance 

The vanance is usually denoted by the symbol (a 2 ) and is defined as the 
average of the squared deviations from the mean In Table 10 the devia 
tion of each observation from the mean was determined (column 2), each 
deviation was then squared (column 3), and all the squared deviations 
totaled The sum of the squared deviations from the mean is 240 50 
A frequent question is why don t we simply use the a\erage of the 
deviations from the mean as a measure of \anation? One obvious answer 


TABLE 10 

backfat thickness in live pigs measured at a market weight of 

APPROXIMATELY 200 POUNDS 
(A sample from those in Figure 21) 


Back/at Thickness 

Deviations from 

Squares of the 

m Millimeters 

the Mean 

Deviations 

4? 

8 50 

72 25 

38 

-0 50 

0 25 

39 

0 50 

0 25 

32 

— 6 50 

42 25 

34 

-4 50 

20 25 

37 

-1 50 

2 25 

31 

-7 50 

56 25 

43 

4 50 

20 25 

41 

2 50 

6 25 

43 

4 50 

20 25 

£A 385 



E.\* 150G3 

0 00 

240 50 

A 38 50 
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is that, when we add all of the de\iations and pay strict attention to the 
sign of each deviation the sum is equal to zero Thus, the av erage of the 
deviations from the means would be zero also The difficulty could be 
eliminated, however, by disregarding signs, and if this were done, the 
average of the deviations m our example would be 4 10 millimeters 
Another, and probably more important reason for squaring the devia 
tions and averaging them is to magnify, or give more weight to, extreme 
values in the group of observations Squaring the deviations and averaging 
them also makes it possible to perform other statistical measurements in 
a correct mathematical manner 

The variance (a 8 ) once the sum of the squared deviations from the 
mean is determined, may be calculated easily by dividing by the number 
one less than the total number of observations m the sample Here, 
another departure from the usual is noted Instead of dividing by the 
number of individuals tn a sample n we divide by the total minus one 
(n — 1) at least for samples that include less than 25 observations 
The calculation of the variance (o 2 ) from the data in Table 9 would be 


cr* = 


240 5 
9 


26 72 


If we were to calculate the variance for a group of 200 to 300 pigs as 
we have done for the small sample of 10 pigs it would be very time-con 
suming and the chances for error would be greatly increased Short-cuts 
have been devised by statisticians in which the variance may be determined 
by using a calculator By using the following equation, the variance could 
be calculated 


^ - (S A y/ n 

n - 1 

■\\ here SX is the sum of all items 2 X= is the sum of all items squared, 
and n is the number of observations in the sample. 

Substituting we get 


15063 - P851V10 
9 


,hc calcuW »c could, of coume. obtain the answer more 
.Mit !o, KnS! <0 " 1 ' n " 0n ** t!m numcratar of 


I A’ - !?■■*'*? 
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actually is the sum of the squared deviations from the mean and is often 
written as 2 x 2 The sum of little x squared divided by the number of 
observations minus one is the variance 

One of the most useful properties of the variance is that it can be 
separated by a special analysis into its various component parts Special 
adaptations of the analysis of variance can be used to determine the 
percentage of the variation m a population that is due to inheritance and 
that due to environment Many other uses can be made of the analysis of 
variance, but it is not the purpose here to discuss all of them 


The Standard Deviation 

The standard deviation is a much more accurate measure of variation 
in a population than is the range, and can be used very effectivel), together 
with the mean, to describe a population Statisticians use \anous symbols 
to denote the standard deviation, but the one used here will be S D The 
standard deviation is the square root of the variance The following 
formula may be used for machine calculation 

SD = . JIE „ VWh, or 517 

Figure 22 demonstrates how the mean and the standard deviation may 
be used to describe the variation m a population The mean plus or minus 
one SD should include approximately 68 p er cent of the individuals in 
the population The mean plus or minus two S D should include about 
95 per cent of the individuals in a population In other words, we might 
expect only about five per cent of the individuals in a population to fall 
outside the mean plus or minus two S D 


FIGURE 22 Normal 

FREQUENCY DISTRIBUTION 
CVJRV E SHOW INC 1IOU TUF 
MEAN AND STANDARD PE 
V lATfONS MA\ BE USED 
TO DESCRIBE THE V ARIA 
TtON |N A POPULATION 
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The Coefficient of Variation 

The coefficient of variation is another method of expressing the amount 
of variation w ithin a particular population The Formula is S D fX When 
this coefficient is multiplied by 100, it is expressed as a percentage The 
coefficient of variation is the fraction or percentage that the standard 
deviation is of the mean One important use of this statistic is that it can 
be used to compare the variations of two unrelated groups For instance, 
if the coefficient of variation for rale of gain in beef cattle is 25 per cent 
and in hogs is 15 per cent, we can say that there was a greater variation 
in daily gains tn cattle than in hogs Many other groups may be compared 
in a similar manner 


Standard Deviation of the Mean 


In experimental work with livestock, we do not use an unlimited or 
indefinite number of animals Actually, we use a very small sample of the 
entire population This is true even if our sample includes the hundreds 
of animals for a given experiment The question then arises as to how 
closely the mean of the sample we measure represents the true mean of 
the entire population If we assume that the 270 pigs shown in Figure 21 
were the entire population, and we take 27 different samples of 10 pigs 
each at random and determine their mean, each group would probably 
Jiai c a different mean But the means of the 27 different groups of pigs 
would have a definite characteristic we have already noted m individual 
samples within the population — they would tend to fluctuate around a 
mean of their own If we plotted them as a frequency distribution, vve 
would find that they also would fall into a normal frequency-distribution 
curve This very fact leads us to a method of calculating approximately 
the true mean of the population and this statistic is called the Standard 
Deviation of the Mean (SE) The standard deviation of the mean may be 
determined by dividing the standard deviation of the distribution (S D ) 
by the square root of the number of items in the population The formula 
can thus be written 


Vn 


"c can me the standard deviation of the mean together -unh the mean 
of the distribution to describe the true mean of an infinite number of 
means dravsn from a population The mean of the distribution plus or 
minus one S l~ should include about 68 per cent of the means The mean 
of the distribution plus or minus two S E. should include approximately 
05 per cent of the means In other words we can say that there are only 
5 chances out of 100 that the true mean of an infinite number of means 
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drawn from a population would fall outside the mean of a sample plus 
or minus two S.E. Quite often in scientific reports, the mean of a sample 
is reported together with plus or minus the S.E. 

If the means of two large samples have been derived independently, the 
information can be used to determine the Standard Deviation of a 
Difference of means. 1 The formula for this is: 


V (S.E.1) 2 -j- (S~E. s )* 

If a difference between the means of two samples is at least twice as large 
as the Standard Deviation of the Difference, we can accept this as a true 
difference at the five per cent level of probability. 


Coefficient of Correlation 

This statistic and the expansion of the idea are often used in animal 
breeding and livestock production research. The coefficient of correlation 
is referred to as r and gives a measure of how two variables tend to move 
together. They are said to be positively correlated if they tend to move 
together in the same direction; that is, when one increases the other in- 
creases, or when one decreases the other decreases. They are said to be 
negatively correlated if they tend to move in opposite directions; that is, 
when one increases the other decreases. Thus, the coefficient of correlation 
for two variables lies somewhere between zero and ±1. 

Even though the coefficient of correlation tells us how two variables 
tend to move together in like or in opposite directions, it does not neces- 
sarily mean that the movement of one is the cause or the effect of the 
movement of the other. The cause and effect relationship must be deter- 
mined, if possible, from other known facts concerning these two variables. 

A particular coefficient of correlation is usually said to be significant, 
highly significant, or nonsignificant, the degree of significance depending 
upon the size of the coefficient of correlation and the number of individual 
items used to calculate it. 

The formula for calculating the simple coefficient of correlation between 
two variables is: 

:at _(ML£D 

where A* is each individual observation for variable X, I' is each individual 
observation for variable V, n is the number of observations for cadi 
variable, and the Greek $\mbol ( 1 ) means the summation of all items for 
cadi variable or pair of variables. 
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TABLE 11 


BACKFAT THICKNESS AT 200 
FROM WEANING TO 


POUNDS LIVE WEIGHT AND RATE OF GAIN 
200 POUNDS IN 10 MARKET HOGS 


Number 

of 

Pig 

Thickness of 
Backfat 
(X) 

Rate of 

Gain 

(Y) 

Cross Products 
(X times Y) 

H 

H 

mm 

94 0 

64 6 

70 2 

54 4 

61 2 

66 6 

52 7 

68 8 

57 4 

77 4 


TX 385 

ZY 17 3 

ZXY 667 3 


ZX* 15063 

2T' 30 15 



H 38 50 

7 1 73 



The coefficient o£ correlation will be calculated for the data presented 
in Table 11, as an example Backfat thickness at 200 pounds (variable X) 
is the same as that given in Table 10, the rate of gain from weaning to 200 
pounds for these same pigs has been included as a second variable (vana 
ble Y) Looking at the data in this table, we may ask if these two variables 
tend to move in like or in opposite directions and if the correlation 
coefficient is large enough to be statistically significant All data necessary 
to calculate the coefficient of correlation are given in Table 11, and we 
merely substitute the appropriate figures for the symbols in the formula 
and proceed with the calculations as follows 


(385) (17 3) 
10 




667 30 - 666 05 


1 25 = 125 

' 15 51 0 469 7 27 = 


According to tables for the levels of significance of coefficients of cor 
relation given in Snedecor s book (fifth edition)2 on page 174, a coefficient 
of correlation with 8 degrees of freedom (n — 2) should be 0 632 to be 
significant at the 5 per cent level and 0 7 65 to be significant at the 2 per 
cent level of probability Thus, this coefficient of correlation of 0 172 is 
so small that it is very likely a chance correlauon 
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The Regression’ Line 

Individual paired observations, such as backfat thickness and rate of 
gain for each pig in Table 11, may var) quite widely from others within 
a group of observations In spite of this, however, a line can be calculated 
which will show the average relationship between two variables This is 
called the regression line and is represented bj the equation Y = a + bX 
The value b m this equation may be calculated as follows 


b 


zxy-IMUII} 

n 


2A' 2 - 


(SX ) 2 

n 


The regression coefficient b from the data in Table 1 1 would be 


667 3 • 


(385) (17 3) 
10 


15063 - 


(385)' 

10 


1 25 
240 50 


= 0 0052 


The value b also refers to the slope of the regression line or the number of 
units change in Y with each unit change in A' Thus, for each change of I 
millimeter of backfat at 200 pounds, there was an average change of 
0 0052 pounds in average daily gam 
The value a in the regression equation is called the Y intercept, because 
the regression line will cross the Y axis at this point when X is equal to 
zero The Y intercept for the data in Table 1 1 may be calculated using the 
following equation 


a=Y - bX= 1 73 - (0 0052 X 38 5) = 1 53 

The regression equation, then, becomes Y — 1 53 + 0 0052 X Two re 
grcssion lines are possible when two variables are concerned, but the 
choice of the one to calculate and use depends upon which one seems to 
be dependent upon the other 

The regression equation as shown above maj be used to estimate the 
value of Y when an) value of X is known and substituted in the equation 
The above methods of deriving statistical wa>s to describe the distribn 
tton of individuals within a population are simple and can be calculated 
b) anyone There arc many other aspects of statistics however, that can 
be used m biolog) These include methods for the determination of 
probable differences between means, methods of determination of both 
environmental and genetic correlations between two or more traits, and 
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methods of separation of the variance of a population into its genetic and 
environmental portions These methods necessarily require a wider 
knowledge of mathematics and statistics and for that reason are not 
presented here An understanding of these methods of statistical analysis 
is indispensable for the student who wishes to pursue further advanced 
studies and research in genetics and animal breeding Some references 
for advanced study in the field are given at the end of this chapter 
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Questions and Problems 


1 L« the important d.flerencer between qnahtauve and quam.tattve inhent 

2 were S °' 10 ««» one lor 

were 1.50 3 50 3 00 3 80 1.55 2.60 210 3 20 ! fin o-m p i i . 

mean standard deviaUon coefficient of variation and 

of the mean for this group 2nd Ae standard deviation 

5 U„ h „’,w.^ r ;S„ 1 ,a ! Zp“ ly “ " P '“ « — 

I What it the tanance for the group ol mdmduali quetuon 2? 
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5. Why do we use the value (n — 1) instead of (n) in calculating the variance? 

6. Explain in detail how the mean of a population together with a standard 
deviation may be used to describe a population. 

7. Explain the meaning of the coefficient of correlation. 

8. Explain the meaning of the coefficient of regression. 




Variations in Economic Traits 'S 
in Farm Animals 


Variation refers to the obsers able 
or measurable differences in individuals for a particular trait This is the 
raw material \wth which the animal breeder must work. If there were no 
sanations between individuals, there would be no need to select or cull 
animals for breeding purposes, because they would all look and perform 
alike, or at least there svould be little difference between them 

The sanations we see between animals in a herd are seldom, if eser, 
due completely to differences m genes In animal breeding, we must leam 
s\a)s of determining something about the genetic vanauon svhich exists 
in a population, for if none exists there would be no progress made m 
selection and breeding This chapter deals with the causes of sanations 
and how we can estimate more effectisely the portion of the total san 
ance that is due to genes 


CAUSES OF PHENOTYPIC VARIATION IN FARM ANIMALS 


mfm P „ h rT t>P ' C ' amO0m m farm an '">als are due to heredity, emtron 
oUhZit, ,mer ? 1 c, ‘°"'> t The importance and influence of each 
ol these factors mil be discussed separately 


Heredity 

trait ,na e ^uUu 0 ri7aTl < ^ t t J 1 l l e r Ph ', nOl>piC ' anat,D ” ,n an cconom “ 

bj the symbol (.i) Hereditarf variance and may be denoted 

differences m ihr kinds ot gen^ v nhl'h "h 'l * P ° puIilt,on ^ du ' 
Although the ssaj these genes * !” th ‘ he md,vldual be S ,ns 115 1 
jtertods of the animals hie ,,, P ^ them5elv « ■"! change at dtfferen 
genotype is fixed at conception and re 
108 



FIGURE 23 Extreme 

VARIATION IN THE SIZE OF 
TWO UTTERMATE PIGS 
Both heredity and en- 
vironment MAY BE RE- 
SPONSIBLE FOR DIFFER- 
ENCES BETWEEN INDIVID 
uals. (Courtesy of the 
University of Mis- 
souri.) 



mains the same, barring mutations, for the remamder of i .0 -life Here* 
tary variations are due to many kinds of gene action which ^are both of 
an additive and a nonadditive nature Thus, the P>'eno ype of a n n 
dividual is affected not only by the way each md.y, dual gene expresses 
itself but also by its expression when in combination with others. 

The exact genotype of a particular individual within a herd is never 
me exact gei yp nn „: b i. exception of a few traits mflu- 

knosvn with some method of accurately 

individual for all of its genes, animal 
breedTng would be much simpler. This is impossible at the present time 
but we can get an estimate of the kinds and combinations of genes an 
indi^dual in a population possesses by observing or measuring tlm m 
dividual's own phenotype as well as the phenotypes of its ance o^ 
progeny, and its collateral relatives, that is, those that are neither its 

‘ ° y . , j This will be discussed more fully m the 

ancestors nor its descendants mis wm 

chapter on selection. 


Environment 

Variations due to environment are also of great importance in animal 
breeding. The environmental portion of .lie variance is «l cd lhe a_ 
memal variance and may be denoted by the symbol < ^). Em ronment 
includes all such factors as disease, nutrient supply. ,e ™P c ” 
accidents, and so forth that the individual encounters from the time of 
conceplion until death. 


Joint Action (inttract.on) ot Hfreoity and Environment 

The interaction of heredity and environment means that animals of a 
certain genotspc may perform more satisfactorily in one cmuonment 
than they do in another. In other words, one emironment perm, Is the 
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no 

expression of the genetic characters in a breed or strain, while another 
does not. This is illustrated by the data presented in Figure 24. These 
data show that the inbred Poland pigs were 23 pounds heavier at 154 da>s 
of age than were the inbred Landrace pigs when both were fed the same 
ration on pasture, but that the difference was only 10 pounds when they 
were fed in dry lot. Thus, the Landrace pigs grew faster in comparison to 
the Poland pigs in dry lot than on pasture; which is another way of saying 
tfiat the dry-lot conditions permitted the genes involved to achieve more 
complete expression. This seems reasonable, since the Landrace breed 
was originally developed under dry-lot conditions, whereas the Polands 
were developed to a greater extent on pasture. 

Another example of the interaction of heredity and environment in- 
volves the performance of the Brahmans and their crosses in the southern 
and southwestern portion of the United States. Since they are more re- 
sistant than the British breeds to certain diseases, parasites, and high tem- 
peratures of that region, they perform more satisfactorily under those 
conditions. When compared with the British breeds under more desirable 
environmental conditions in the Midwest, however, they may not enjoy 
this advantage. 

Still another example of the interaction of heredity and environment 
is the disease in humans and animals known as diabetes. This disease is 

FIGURE 24 Example of genetic x environmental in- 
teraction in INBRED LINES OF SWINE CONCERNING 154 DAY 
WEIGHTS WHEN FED ON PASTURE AND ON DRY LOT. 
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characterized by the inability to metabolize glucose properly, so that the 
level of glucose in the blood stream becomes high and glucose excreted 
with the urine. 1 This disease was almost always fatal to humans before 
insulin was discovered as a means of treatment. Insulin is 1 
pancreatic gland and when released into the blood stream it causes a 
reduction in the blood-sugar level. The predisposition to develop > d.ah 
seems to be inherited, but the disease may not develop unless the insuhn 
producing mechanism of the pancreas is overtaxed ^cr a long period of 
time by the consumption of excess amounts of carboh > dra ‘ eS ‘ ^ 
such conditions, insulin production becomes ^^. "L^ry to 
develops. Thus, the right kind of internal environment is necessary 

cause this inherited condition to become manifest. , 

Breeders should be interested in knowing >f gcnet.c-env.ronm nta 
interactions are important, and such knowledge should help answer the 
“;XtlJor not selection of animals for 

set of conditions would also result in genetic '"'provement n ano^ . 

Studies witli dairy cattle indicate that the progeny of dai^irnsrank fl 
larly when their daughters are fed at different levels. In e x P ‘m e n w.th 
mice, however, evidence for geneticenvironmental in e action* wa ob 
rained,! In these experiments, two strains of mice derived from a single 
foundation stock were selected exactly in t le same m “ h 

six weeks of age. One of these strains was fed ad hb ^.le the o ier was 

restricted to Lot 75 the —1 

for the two strains after five, seven, and eight ^"“to sof d a 
The results showed that the improvement for rapid -growth on a hg 
plane of nutrition carried with it no improvement for rapid growth on a 
low plane On the other hand, improvement of the genotype for rapid 
growth on a low plane of nutrition did carry with it a considerable im- 
provement for growth on a high plane of nutrition. 

P In the past, die interaction of heredity and environment in causing 

. • ^ z-nnciclfred to be very important, but now geneticists 

variations was not considered 10 j r 1 ; n tpr- 

i i • t„~ trkr mmt hp recognized. GenetiC'Cn\ironmental inter 
realize that this factor must oc recugm e. . nnt i 

actions are now being studied by some of the experiment sta ions and 
more complete information should be available in the fmure. fn tl e 
meantime, wc must assume that interaction is important and mu t try o 
produce and select breeding stock under the same conditions in which 
offspring will be produced. 

IMPORTANCE OF HEREDITY AND ENVIRONMENT 

Frequently discussed has been the question whether heredity < ox r en- 
vironment is the more important in the expression of economic trails. 



FIGURE 25 These purebred calves are thin because 

THEY HAVE BEEN ON A MAINTENANCE RATION OF ROUCHAGE 
DURING THE WINTER MONTHS TllEY HAVE THE INHERITANCE 
NECESSARY TO MAKE RAPID AND EFFICIENT GAINS AND GOOD 
CARCASSES IF THEY ARE GIVEN THE RIGHT ENVIRONMENT TO 
CROW AND FATTEN FOR THE MARKET 


Such a discussion here would be of little value, because it is now recognized 
that both are of very great importance The best possible inheritance svlU 
not result in a superior herd or flock unless the proper environment is 
also supplied so that the animals can attain the limit set by their in 
heritance Half-staned and neglected purebreds are truly a disappoint 
mem to livestock men in their appearance as well as in their perform 
ance Nevertheless the best possible environment will not develop a 
superior herd or flock unless the proper inheritance is also present in the 
animals The answer to a question illustrates these statements Why do 
not dairymen use beef cows for milk production purposes, and why do 
not racing enthusiasts include draft animals in their racing strings? The 
answer is, obviously, that the best possible feed, training, or care cannot 
make a record breaking milk producer out of a beef cow or a Kentucky 
I pinner out of a draft horse In these extreme examples it can 
herelm 6 Se . en . 1 if* tbe bmit to P erJonnanc e is set by the animal s own 
to pv, y \ an thC beSt posslble environment will not cause that individual 
unW Zi T gCnet,C P0tent,al At least thls does not seem possible, 

and n 7 elC ™ ,nc the physiological limitations set by inheritance 

by 1116 USC ° f hormones and °*er chemicals 
breedme amm-u ^ > ° SSlble use °* good in hentance, we must select 
genes of ™ " h ' Ch T su P enor because they possess more desirable 
f h ” thatTrrr tl0m genes Su P er50r “Y due to genes is the only 
duefo env,ronr SmiU ^ ^ the P are ™ * their offspring Superiority 
environment "°i ** transmitted b Y the parents This superior 

PrOV,d ' 11 lOT * he ol& P™g ■£ *<7 are ,o be the equal 

this is chznzinz^anti* 1 '^ m ° re aItentIon In rhe past than heredity, but 

proper ensironment is of°great trnno ,I t “ T bcmg glVen “ both ^ 
great importance from the economic standpoint 
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In addition, it is becoming more and more obvious that animals must be 
kept in the kind of environment which allows them to show that they 
possess desirable inheritance for a particular trait. An extreme example 
here would be the selection of individuals for increased disease resistance. 
Individual animals must be exposed to the disease in question to deter- 
mine which of them are resistant. Likewise, the controlled feeding of a 
boar to reduce his backfat will not also induce less backfat in his offspring 
if they are full fed a good ration to the usual market weight. A better 
estimate of the genotype of a boar for backfat thickness will be obtained 
by feeding him the same ration, and in the same way, that his offspring 
will be fed. 

Breeders often mistake environmental effects for genetic effects when 
comparing livestock on different farms. The environment can be so differ- 
ent on two farms that the genetically superior animal may look inferior 
if he has been cared for improperly and so has not had the opportunity 
to show his full potential. For this reason, it is best to compare the per- 
formances of individuals within the same herd where they have been fed 
and handled in the same manner and not those of individuals in two 
different herds where the environment might be quite different. Many 
swine testing stations have been developed so that environment can be 
more nearly standardized for all animals at a central testing station. This 
is not the complete answer, however, because the pretest environments 
could have been quite different for various animals and might affect 
their performance while they are on test. 

The importance of controlling environment as much as possible may be 
illustrated by the following example. All of the phenotypic variation in 
a trait is due to hereditary and to environment ( a |). The portion of 
the variation due to heredity would be equal to the hereditary variance 
divided by the total variance, or: 


Per cent of hereditary variation * 


7 * X 100 


Let us further assume that is equal to 20 units and is equal to 20 
units. Thus, the percentage of the variance due to heredity would be 

20 

20 + 25 X,0 °’ 

r Cem ' Su PP osc - however, ihat ne are able to reduce the environ- 
an " ,Cnt,halU " ° nl > 10 ”" iu ' >» » “te. 


variance due to heredity would be 
20 

10 + 20 X10 °- 


or G7 per cent. 



Variations m Economic Traits m ram Animals 115 

When we correct meaning weights for every calf in a herd 1 to ' s ™ e 
age anti same sex, as well as to the same age of damweareactuaUyre 
ducing the em.ronmental sanations between individuals in that herd, 
and a larger proportion of the remaining variance should be due to 
heredity Thu S P the superior individuals, after such corrections are made,, 

would be more likely to be genetically superior, b ™ W °“ ^ 
'r _i intT those which possessed the more desiraDie 
crease our accuracy ot picking t 

genes or combinations of genes 


heritability estimates 

in a population that is due to lie ) o£ the var ,ance that 

subtracted from 100 g‘ V “ ted ou P t that heritability estimates 

is due to env,ronment Lmh has P v e en mdmdiials or groups of 
are concerned with the “ lKere " ceS va]ues More CO rrectly, then when 
dividuals and not with their absoli referring to the 

portion of the differences for that ^ P. assumf , that the henta 

heredity To further illustrate th P • ^ ^ ^ (he average o£ 

bihty of backfat thickness in swine P mean 

the herd at a weight near 20 0 the remamlng 0 70 

that 0 70 inches of back a differences between individ 

inches to environment ^"ess approximately 50 per cent are due, 
uals m the herd in backfat tnickn , 

to heredity and 50 per cent are due t0 ^™ be used ln elth er a 

Lush has also J^nted ■ "1 ^understand the difference 
narrow or a broad ,e nse. heritability estimates inclu de 

between the two i^l^L^^rgrT STaverage effects whldTThe 
mostly the additive type This is approximatelyjthesame 

mdmduaL genes ha f^ .i^tJZEE_^ de in the next generation when 
as d m percentage Hernability in the broad sense 

g^T^uon, t hose which' onl a hid T^Tthan the 

m " hods 7 f T^ J on o the variation, but this varies with the 
narrow (or additive) portion m 

method used to calculate the estimates 


Methods or Estimating Heritability 

All heritability estimates are based on how closely 
each other 5 From these calculations an attempt is made to eslim 
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degree of correlation between the phenotype and the genome of Em, 

£££ =“^-on tl ,ne 

some of the different methods humans 

* Identical twins have been used ,n genetic studies especially m humans 
to determine thexelative influence of heredity and environment onvanou 
traits Many statistical methods for using twins m genetic research “ 
been developed but all of them depend on the ability to distinguish 
between one-egg and two-egg twins One egg twins are derived from the 
same egg and thus have the same genetic makeup Any differences bet 
such twins should be of an environmental nature Fraternal twins 
two-egg twins develop from two different eggs and should be no more 
alike genetically than full brothers and full sisters which are not twins 
Variations in two-egg twins would be due to both heredity and environ 
ment Therefore a comparison of two-egg and one^ee e twins should j^e 
[ an estimate of the relati ve influence of heredity and en vironment OI L a 
particular trait The formula used for obtaining estimates of hentabihty 
for certain human traits using identical and unidentical twins is 8 



where H 2 is the percentage share of hereditary determination of the ob- 
served intrapair difference in two-egg twins t T the intrapair coefficient of 
correlation of identical (one egg) twin pairs and / that of fraternal (two- 
egg) twins Studies of this kind have shown that intrapair differences are 
much greater in two-egg twins than m one-egg twins in almost every 
character studied 

More recently identical twins alone have been used m genetic studies 
in dairy and beef cattle In these studies the hentabihty estimates have 
been calculated from the formula 


jp _ (Between pair variance) — (Within pair variance) 

(Between pair variance) -+- (Within pair variance) 

Hentabihty estimates for milk production in dairy cattle derived from 
records on identical and fraternal twins 2 range between 70 and 90 per 
cent as compared to 30 to 50 per cent in studies involving nontvs in records 
from field data The larger estimates from tvs in studies may be due to a 
number of factors Possibly maternal and contemporary environmental 
effects may make tvs in members more alike than nontwins for a particular 
trait In addition the genetic variance as estimated from tvs in data espe- 
cially from one-egg tvs ins includes that which is due to dominance and 
epistasts Little of this kind of genetic variance is included in hentabihty 
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estimates obtained from nontwin data. In any event, it appears that 
heritability estimates from identical twin data are too high and are not a 
true indication of the progress one would expect to make in selection for 
a particular trait. 

The resemblance between parents and their offspring is also used in ( 
calculating heritability estimates in farm animals. This method of calcula- 
tion can take many forms, depending upon the nature of the records 
available. One method often used is to determine the intra-sire regression 
of offspring on the dam. A heritability estimate determined by this method 
is largely heritability in the narrow sense, which is mostly additive gene 
action. Still another method often used is to determine the resemblance 
between sibs. This may be calculated from the intraclass correlations from 
the analysis of variance. An estimate calculated in this manner is likely to 
include some of the variations due to epistasis and dominance, as well as 
to additive gene effects. One convenience of this method is that it is not 
necessary to know the phenotype of the parents. 

FIGURE 27 A theoretical illustration of heritability 

INVOLVING ADDITIVE CENE ACTION. THE OFFSPRING RECEIVE 
THEIR PLUS OR CONTRIBUTING GENES FROM THE PARENTS. IN 
THIS EXAMPLE THE HERITABILITY IS 100 PER CENT. 
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Heritability estimates may also be obtained by calculating the repeat- 
ability coefficient for a trait which is the correlation between different 
records by the same individuals. It gives an estimate of the upper limits 
of heritability and may be higher than the true heritability, if permanent 
environmental effects on the individual are important. 


Value of HERiTABtLtTY Estimates 

Heritability estimates tell something about the amount of progress 
that might be made in selection for a particular trait. For example, the 
heritability of rate of gain in beef cattle in the feed lot is about 60 per 
cent, which means that this percentage of the total variation is due to 
genes and about 40 per cent is due to environment. Thus, differences in 
bulls fed on a gain test under similar environmental conditions should 
be due largely to differences in inheritance, and those making the most 
rapid gains would be more likely to produce offspring which themselves 
would make rapid gains. "When the heritability of a trait is high, the 
correlation between the phenotype and the genotype of the individuals, 
on the average, should also be high, and selection on the basis of the 
individual’s own phenotype should be effective. High heritability esti- 
mates also indicate that additive gene action is important for that trait 
and the mating of the best to the best should produce more desirable 
offspring. 

Quite often, heritability estimates for traits are as low as 10 to 15 per 
cent or even lower Litter size in swine is one such trait, A low heritability 
estimate tells us that there is a low correlation between genotype and 
phenotype and that if we used superior individuals for that trait for 
breeding purposes their offspring would not be as superior as when the 
heritability for a trait was high To make progress in selection when the 
heritability of a trait is low’, much more attention must be paid to the 
performance of the collateral relatives and the progeny. 

Low heritability estimates also tell us that variations due to additive 
gene action are probabl) small Evidence is also accumulating that when 
the heritability of a trait is low, nonadditive gene action such as over- 
dominance, dominance, and epistasis may be important. This makes it 
necessary to use special methods of selection and mating for greater im- 
plement in the herd or flock. These will be discussed more fully in a 
later chapter. 


Repeatability estimates 

Repeatability estimates refer to the expression oE the same trait, such 
as milk production, fleece weight, etc, at different times in the life of the 
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same individual. Thus, there is no chance for segregation or independent 
assortment of the genes. On the average, the meaning weight of the calf 
from a first-calf heifer is about 47 per cent accurate in predicting what her 
future records will be. Thus, if a cow weans a calf during her first lactation 
that is 100 pounds heavier than the average of all the heifers of her age m 
the herd, the cow should wean calves that average 47 pounds above the 
average of that group in later years. 

Another definition of repeatability estimates is that they are the frac- 
tion of differences between single records of individuals that are likely to 
occur in future records of those same two individuals For example, the 
repeatability of litter-size at weaning in swine is about 16 per cent. If one 
gilt weans ten pigs and another six in their first litters, one would expect 
an average difference in later litters of only 0.64 pigs (16 per cent times 

four pigs difference). . . . 

A knowledge of repeatability estimates for the various traits may be 
used in selecting for future performance. When the repeatability estimate 
for a trait is high, culling on the basis of the first recor s ou e e eetne 
in improving the over-all record of the herd the next year, n a i 10 , 
offspring from the superior individuals in the herd should be g 
preference when selection is made for replacement stoc . 

Repeatability estimates also tell us something about how ' to allot ^ani- 
mals on a feeding trial. If the repeatability of a trait is high, u b « 0I "“ 
increasingly important to divide the offspring of cac l sire ■ 
evenly among the different lots. Otherwise, if the offspring from one 
parent were in one lot and those of another parent m a s ^ c ‘ ,. 

differences ascribed to treatment might actually be largely < h ' e to I ’ er = d 
tary differences This procedure is of less importance if the repeatability 

RcpeatabiHty estimates also give an indication of how 
should he obtained on an individual before it may be culled from the 
herd or flock. The repeatability of weaning weig it me ^ , veaninB 
47 per cent, whereas it is only about 16 per cent or reneatability 

in swine. By using the follow ing formula, we can cst,n \ a P ‘ 

of traits ^hcre a larger number of records is m\o \c 


R ~ \ + (n-T)r 

t 

In this formula, R is the repeatability of more than . rj. the 

repeatability of one record, and « is the the repcata- 

Purposes of calculation. This formula wm uses ^ ^ liCininR in s wine 

6dity of weaning weight in T1 J C data indicaic that one 

for one lo five records as shown in 1 able . basis of a 

could cull beef cows for weaning weights of their calves on 
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TABLE 12 





Repeatability in per cent 

No. of Records 

Weaning Weights 
in Beef Cattle 

Litter Size at 
Weaning in Swine 


47 

16 


64 

28 


73 

36 


78 

43 

5 

81 

49 


single record with almost as much confidence as one could cull sows for 
litter sire at weaning on the basis of five records. 

Lifetime averages which show the ability of certain individuals to re- 
peat a high level of performance over a long period of time are very im- 
portant in animal breeding. These records should be as accurate as pos- 
sible and should be corrected for certain environmental factors before 
individuals in a herd are compared. Lush 1 has suggested the following 
formula for adjusting the records of cows with different numbers of 
records to the same basis, and he has called this the probable producing 
ability of an individual: 


Probable 

producing 

ability 


Herd 

average 


+ 


nr 

1 + (* - l)r 


X 


Her own average 
minus the herd 
average 


Such a record could be used for culling females from a herd where there 
is considerable variation in ages and numbers of records. 

Lifetime averages are of value in selecting for traits in which the re- 
peatability is low, but their value is decreased by the fact that the genera- 
tion interval is increased and progress per year may be slow. A consist- 
ently high performance over a period of many years is a good indication 
that an animal possesses desirable genes for several traits. Whenever 
possible, both male and female replacement stock should be retained 
from such dams Such a record would be useful in selecting for increased 
vigor, constitution, and longevity, which may be indicative of freedom 
from recessive or partially dominant genes with detrimental effects. 

In conclusion, it has been pointed out in this chapter how variations 
in individuals are (he raw material with which the animal breeder must 
work. It was further pointed out that the genetic variations within a herd 
or flock more truly are the raw material with which the breeder must 
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work to make progress through the application of breeding methods 
Methods used to measure the genetic portion of the variations in eco 
nomic traits were also discussed A more detailed discussion of how this 
information may be used for the improvement of each species of farm 
animals will follow in later chapters 
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Questions and Problems 


1 Explain why sarntion js the raw material with which the animal breeder 
must work 


2 Which is the more important, inheritance or cnsironmcnt? 
What are the causes of phenotypic a anation in farm animals? 


V*T Explain the meaning of gcnetic-cnsironmcntal interactions and why they 
might be of importance to the animal breeder 

t Define the term hentability estimate and explain the difference between 
hentability in the narrow sense and in the broad sense 


0 Of what use to the animal breeder is a knowledge of heritabihts estimates? 


7. Discuss some of the ways that the hentability of a trait may be measured in 
farm animals 



122 


Variations in Economic Traits m Farm Antmals 


8 mat is the meaning of a repeatability estimate and how may a knowledge 
of this be used for livestock improvement? 

9 Why are lifetime averages of great importance to the animal breeder? What 
are their disadvantages? 

10 A farmer has a herd of swine which on the average weigh 195 pounds at 
six months of age He selects for breeding purposes gilts which average 205 
pounds and boars which average 225 pounds at six months of age The o5 
spnng produced have an average six month weight oF 194 pounds What is 
the apparent hentabihty of six month weight in swine in this example? 

11 A simple way to estimate hentabihty ts to divide the dams mated to a sire 
into two groups namely a high producing group and a low producing group 
The daughters of these two groups of dams are then tested for production 
A dairy sire (X) is mated to two groups of cows The high producing group 
averages 650 pounds of butterfat and the low producing group averages 500 
pounds. The daughters of these two groups of dams average 585 and 570 
pounds respectively What is the apparent hentabihty of butterfat produc 
non in this example? 

12 Assume that the repeatability of weaning weight in beef cows is 47 per cent 
when based on one record 64 per cent when based on two records and 73 
per cent when based on three records In a herd which averages 400 pounds 
m the calves at weaning which of the three cows would you rather retain 
for breeding purposes cow A with one calf weaned weighing 490 pounds 
cow B with three calves weaned weighing an average of 460 pounds or cow 
C with two calves weaned weighing an average of 490 pounds? 
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Selection may be defined as a proc 
ess in. which certain individuals m a population are preferred to others 
for the production of the next generation Selection is of two general 
kinds, natural, or that due to natural forces, and artificial, or that due to 
the efforts of man 

No new genes are created by selection Under selection pressure there 
is a tendency for the frequency of the undesirable genes to be reduced 
whereas the frequency of the more desirable ones is increased Thus, the 
main genetic effect of selection is to change gene frequencies, although 
there may be a tendency also for an increase in homozygosity of the 
desirable genes in the population as progress is made in selection 


NATURAL SELECTION 

In nature, the main force responsible for selection is the survival of 
the fittest in a particular environment Natural selection is of interest 
because of its apparent effectiveness and because of the principles involved 

Natural selection may be illustrated by considering the ecology of some 
of our wild animal species Mune 3 studied the relationship between 
wolves in Mt McKinley National Park in Alaska and other species of 
animals, especially the Dali or mountain sheep Apparently, the wolves 
chase many sheep before they find one they can catch Most of those killed 
by the wolves were the weaker animals, and included those which were 
either very young or very old Thus, there was a tendenq for nature to 
select against the weaker ones, and only the stronger survived to repro 
duce the species 

Some of the most interesting cases of natural selection arc those imolv 
mg man himself AH races of man that now exist belong to the same 
species, because they arc interfcrlilc, or have been in all instances where 
matings have been made between them All races of man now in existence 

*23 
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had a common origin, and at one time probably all men bad the same 
kind o£ skin pigmentation— which kind we have no sure way of knowing. 
As the number of generations of man increased, mutations occurred w 
the genes affecting pigmentation of the skin, causing genetic variations in 
this trait over a range from light to dark or black Man began to migrate 
into the various parts of the world and lived under a wide variety ol 
climatic conditions of temperature and sunshine. In Africa, it is sup- 
posed, the dark skinned individuals survived in larger numbers and 
reproduced their kind, because the) were better able to cope with en- 
vironmental conditions m that particular region than were individuals 
with a lighter skm Likewise, in the northern regions of Europe men 
with white skins survived in a greater proportion, because they were 
better adapted to that environment of less intense sunlight and lower 
temperatures But what of the Eskimos who lived in the polar regions of 
the North? They are also dark skinned. Does this theory fit them? The 
most probable answer to this question is that the Eskimos are more recent 
migrants from Asia to the polar region, and compared to the Negro in 
Africa and the whites in Europe, they have not lived so long in that 
region. 

Recently, evidence has been obtained that there may be a differential 
selection for survival among humans for the A, B, and O blood groups 1 
It has been found that members of blood group A have more gastric 
carcinoma (cancer) than other types and that members of type O have 
more peptic ulcers This would suggest that natural selection is going on 
at the present time among these different blood groups, and the frequency 
of the A and O genes might be gradually decreasing unless, of course, 
there are other factors that have opposite effects and have brought the 
gene frequencies into equilibrium 

Natural selection is a very complicated process, and many factors de- 
termine the proportion of individuals that will reproduce Among these 
factors are differences in mortality of the individuals in the population, 
especially early in life, differences m the duration of the period of sexual 
activity, the degree of sexual activity itself, and differences in degrees of 
fertility of individuals in the population 

It is interesting to note that m the wild state, and even in domesticated 
animals to a certain extent, there is a tendency toward an elimination of 
the defective or detrimental genes that have arisen through mutations, 
through the survival of the fittest 


ARTIFICIAL SELECTION 

Artificial selection is that which is practiced b> man. Thereby, man 
e ermines to a great extent which animals will be used to produce the 
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next generation of offspring. Even here, natural selection seems to have a 
part. Some research workers have divided selection in farm animals into 
two kinds, one known as automatic and the other as deliberate selection . 2 
Litter size in swine may be used as an illustration of the meaning of 
these two terms. Here, automatic selection would result from differences 
in litter size even if parents were chosen entirely at random from all in* 
dividuals available at sexual maturity. Under these conditions, there 
would be twice as much chance of saving offspring for breeding purposes 
from a litter of eight than from a litter of four. Automatic selection here 
differs from natural selection only to the extent that the size of the litter 
in which an individual is reared influences the natural selective advan- 
tage of the individual for other traits. Deliberate selection, in this exam- 
ple, is the term applied to selection in swine for litter size above and 
beyond that which was automatic. In one study by Dickerson and co- 
workers involving selection in swine 2 most of the selection for litter size 
at birth was automatic and very little was deliberate; the opportunity 
for deliberate selection among pigs was utilized more fully for growth 
rate, however. 

Definite differences between breeds and types of farm animals within 
a species is proof that artificial selection has been effective in many in- 
stances. This is true, not only from the standpoint of color patterns which 
exist in the various breeds, but also from the standpoint of differences 
in performance that involve certain quantitative traits. For instance, in 
dairy cattle there are definite breed differences in the amount of milk 
produced and in butterfat percentage of the milk. 

FIGURE 28 Above, 

FAT HOGS IN 1912, AND 
BELOW FAT HOGS IN 
MORE RECENT TIMES. 

Chances in consumer 

DEMANDS FOR MORE LEAN 
AND LESS FAT TOGETHER 
WITH SI LECTION PRES 
SURE 1 OR THF MEAT- 
TYPE HOG HAS WROUGHT 
THIS CHANCE IN TYPE. 
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SYSTEMS OF SELECTION FOR DIFFERENT KINDS 
OF GENE ACTION 

The different lands ol gene action that affect economic traits in farm 
animals were discussed in Chapters 5 and 6 It was pointed out that, in 
general, quantitative traits, such as milk, production, rate of gain, a 
backfat thickness, are probably affected by many pairs of genes, each pai 
of which has small effects on a particular trait Nevertheless, there is also 
evidence that single pairs of genes can have large effects on economic 
traits, especially such genes as the one for dwarfism in beef cattle 1 ** 
important for the breeder to know how to select for different kinds o 
gene action 

Selection for a, Dominant Gene 

In practice, we are very likely to be selecting for a dominant gene be- 
cause traits determined by such a gene are usually desirable Those that 
possess a dominant gene will show it but the problem here is one of dis 
tinguishing between the homozygous dominant and the heterozygous m 
dn (duals The heterozygous individuals must be identified before they 
can be eliminated 

Selection Against a Dominant Gene 

Selection against a dominant gene is relatively easy, pros iding the pene 
trance of the gene is 100 per cent and it does not vary in its expression 
Since each animal possessing a dominant trait should show this in its 
phenotype, eliminating the gene merely means that all animals showing 
the trait should be discarded Whether or not this can be done at once, 
ol course, depends upon the number ol animals possessing the trait and 
whether one can afford to discard all ol them at one time 

11 the penetrance ol the gene is low and the genes are variable m their 
expression, selection against a dominant gene would be much less effec 
uve Selection for such a trait could not be based upon the individual 5 
phenotype alone, but attention to the phenotype of the ancestors, prog 
eny, and collateral relatives would also be necessary if selection were to 
be successful 
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The following is a fonnula for determining the frequency of a geM 
in a population in which all of the homoi)gous recessive individuals 

discarded 


F n = 


'* " 1 + (N X F e ) 


where 

F„ is the frequency of the recessive gene after all homozygous recessive individ- 
uals have been discarded for n generations 
F a is the original frequency of the recessive gene before the homozygous recess 
individuals were discarded 

N is the number of generations of selection against the homozygous recessiv 
individuals 

For example let us assume that the frequency of a recessive gene m a 
population is 0 10 What would be the frequency of this recessive g e ^ e 
(F 0 ) after four generations of selection in which all homozygous indivi 
uals were discarded? The answer to this problem is 


F oio 

* 1 + 4(0 10) 


010 
1 40 


0 071 


Data presented in Figure 30 were calculated by using the above formula 
on a theoretical population in which the original frequency of the reces- 
sive gene was 0 50 Complete selection was then practiced against the 
homozygous recessive individuals for 20 generations It will be noted that 
progress in selection against the recessive gene was very rapid at first 
with a sharp decline in the frequency of the recessive gene during the firs* 
few generations of selection But as selection continued, the rate at which 
the frequency of the recessive gene was lowered became less and less 
This is what may be expected in a large population where selection 
against a recessive gene is based on phenotype alone Actually, the popu 
lation will probably never be freed of the gene unless the heterozygous 
individuals are also identified and discarded along with those which are 
homozy gous recessive 

A number of breeding tests may be used to identify heterozygotes One 
homozygous recessive offspring of course, proves both parents to be car 
ners of the recessive gene It is possible according to the law of chance, 
or individuals that are earners of a recessive gene to produce sev eral off 
spring none of which are homozygous recessive Certain mathematical 
limits have to be set m such cases when individuals are being tested to 
determine if they are homozygous dominant or heterozygous 

ne of the simplest methods to use in testing for earners of a recessive 
gene is to test-cross to the homozygous recessive individuals This test 
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FIGURE SO Showing the decrease in the frequency of 

THE RECESSIVE GENE IN A POPULATION WHEN ALL HOMOZYGOUS 
RECESSIVE INDIVIDUALS ARE DISCARDED AND THE HETEROZYGOTE 
IS NOT FAVORED IN SELECTION. 


cross, as it is often called in genetics, depends upon the survival and 
fertility of the homozygous recessive individuals. As a result, it sometimes 
cannot be used. In cattle, for instance, horned individuals are usually 
available for testing purposes, but dwarfs seldom survive to breeding age 
and usually cannot be used for testing purposes. 

A polled bull may be tested to determine whether he is a carrier of the 
horned gene by mating him to horned cows. But the question here is, how 
many horned cows must he be mated to before we can conclude that he 
is probably homozygous for the polled gene? We can go back to the 
chapter on probabilities and use one of the rules given there for answer- 
ing this question. The probability that any one calf will be polled from 
a mating of a heterozygous polled bull to horned cows is 4. The prob- 
ability of two calves being polled from a mating of such parents is the 
product of the separate probabilities, or 4 times 4. or The number of 
matings may be increased until we find that the probability of all polled 
calves from the mating of a heteroz)gous polled bull to five horned cows 
is 4 5 , This is a probability of 1/32, or about 3.1 chances in 100 that all 
polled calves will be produced. This leads to the conclusion that, if a 
polled bull of unknown genotype is mated to five homed coirs without 
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numbers and kinds of matings required 

DETERMINE THAT HE IS NOT A CARRIER OF 


TO TEST A MALE TO 
A RECESSIVE GENE 


Kinds of Females 

robability Test* 
Females are 

No of Matings Required Without 

the Production of Homozygous 
Recessive Offspring at Odds of _ 



95/100 

99/100 

1 Homozygous recessive 

1 00 

5 

7 

2 Known heterozygotes* • 

1 00 

11 

16 

3 Phenotype normal and 
genotype unknown but 
both sire and dam known 
heterozygous 

0 67 

17 

26 

4 Phenotype normal and 
at least one parent 
known heterozygous 

0 50 

24 

35 

5 Test bull mated to own 
daughters 

0 50 

24 

35 


•Females In groups 3 4 and S must be a random sample with no single female counted 
twice 

••Known heterozygotes may be of two types— those that have produced at least one homo- 
zygous recessive offspring or those having one parent known to be homozygous recessive 


producing a homed calf, he is not a earner of the homed gene We "Quid 
expect to be nght at odds of 97 out of 100 Six such matings without a 
homed calf being produced ■would increase the odds we are nght to 93 
times out of 100 The same probabilities would hold if he were mated to 
fne different homed cows or to the same homed cow until five cal' es 
w ere produced 

Actually, in such a breeding test, we can ne'er be absolutely certain 
that a bull is homozygous for the polled gene, but our confidence should 
increase with each polled calf he sires out of homed cows In many in 
stances, the laws of probability may be used to estimate the probability 
that a particular individual in the herd is homozygous dominant, espe- 
cially a male, without running a special test- Records should be checked 
to make certain that enough matings of the required kind ha'e not 
a ready been made which would gne an indication of probable genotype 
of the animal tn question 

In those species such as swine where multiple births occur, it is much 
simp er to test for heterorygosity for a recessive gene than it is in cattle, 
„ C a single birth usually occurs The mating of a male of unknown 
genotype to a sow that is homozygous recessive for a particular gene wiU 
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often prove the boar with one litter This is especially true where litter 
size includes five or more pigs 

In farm animals such as cattle where single births are the rule, it be 
comes more difficult to test females as carriers of a recessive gene by a 
breeding test Five or more matings would have to be made to a bull of 
the homozygous recessive genotype without the production of a single 
homozygous recessive offspring before we would have confidence that she 
was homozygous dominant Thus, it would require a lifetime of planned 
testing although attention to the records of her offspring and a complete 
study of the records of her ancestors and sibs should be helpful m arriv 
ing at an estimate of her genotype In swine, where large litters are pro 
duced, it is often practical to test females to determine whether they are 
carriers of a recessive gene 

Sometimes it is not possible to backcross to the homozygous recessive 
individuals, because they may fail to survive to breeding age, or may be 
infertile In such cases, other methods of breeding must be used 

Four methods may be used to test for carriers of a recessive gene such 
as dwarfism where homozygous recessive individuals are not available for 
the backcross test These are as follows 

(1) A male to be tested can be mated to females known to be heeero 
zygous because they have produced a dwarf calf If a bull is mated to 1 1 
known earner cows and all of the calves are normal, the chances are about 
95 out of 100 that the bull is homozygous normal Sixteen such matings 
without the production of a dwarf calf would increase the chances that 
he is homozygous normal to about 99 out of 100 

(2) A bull may be tested by mating him to cows of unknown genetic 
makeup but whose sires and dams were known to be heterozygous for 
the recessive gene All normal calves from mating such a bull to 17 dif 
ferent cows would indicate that he is homozygous normal at odds of 95 
out of 100, and all normal calves out of 26 different cows of this kind 
would indicate that he was homozygous normal at odds of 99 out of 100 

(3) A third way of testing a bull is to mate him to cows which are 
known to be from at least one heterozygous parent Under these condi 
tions, 24 normal calves prove a bull homozygous normal at odds of 95 
out of 100, and 35 normal calves at odds of 99 out of 100 

(4) A fourth type of test that can be made is to mate a bull to his own 
daughters When a bull is mated to 24 of his own daughters and no dwarf 
calves are produced the chances arc 95 out of 100 that he is homozygous 
normal for that gene Thirty five normal appearing calves out of his own 
daughters will prove him homozygous normal at a 99 out of 100 level 
of probability Obviously, one disadvantage of such a method of testing 
is that inbreeding may result in reduced vigor of the calves Furthermore, 
the bull will be several years of age before he has that many daughters 
to which he can be mated On the other hand, sucli a method of testing 
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helps uncover all recess.ve genes the bull may be carrymg in addition to 

those which cause dwarfism n,„dvantaEes for 

It is apparent that there are certain advantages and disadvantap 
each of the breed, ng tests described It should be emphasized also ^ 
in methods 2 3 and 4 cows used for mating purposes shoul “ e * £ „ 

sample and that no cow should be used twice for testing the same bul^ 
Likewise it might be possible to use a combination of severa 
kinds of females for testing purposes 


Selection for Multiple Alleles 

It is not known for certain if one or more senes of multiple 
affect economic traits in farm animals although they are known to a ec 
traits such as coat color and blood types in cattle If a senes of mu tip 
alleles such as A 1 A 2 and A a did exist it is possible that one might have 
more favorable effects on a trait than do the other two Genetic improve 
ment would come about by culling the less desirable animals for a 
particular trait and mating the best to the best By doing this the re- 
quency of the desirable allele should be increased in the population 

Selection for Epistasis 

As pointed out earlier epistasis is the interaction between genes which 
are not alleles and this interaction may be of several different kinds The 
action may be either complementary or inhibitory but we do not know 
for certain in what manner the genes may act as far as their influence on 
the important economic traits in farm animals are concerned We do hav e 
evidence however that epistasis may be of considerable importance m 
determining the performance of farm animals 

If epistatic action is of a complementary nature and it probably is m 
many cases advantage could be taken of this kind of gene action by form 
mg inbred lines and then testing them in crosses to find those that are 
superior in this respect The formation of inbred lines however is 2 
rather expensive procedure and in farm animals probably enough good 
lines could not be formed to locate those with the best combining ability 
as has been done with inbred lines of com This is more likely to be done 
with swine than in any other class of farm animals since swine are more 
prolific and the interval between generations is not so long as in dairy 
and beef cattle 

The formation of many inbred lines within a breed testing these in 
crosses and then combining those with the most desirable combining 
ability followed by inbreeding once more should be helpful in dev el 
oping superior inbred lines if epistasis is of importance This is probably 
too time-consuming and expensive to be of much practical value Inbred 
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lines could also be formed from breed crosses, as has been done in many 
cases, 4 and perhaps superior breeds or lines could be developed by such 
methods. It is doubtful, however, if one could ever fix all of the favorable 
epistatic effects in a single breed, regardless of the efforts applied to this 
end. 


Selection for Overdominance 

Overdominance is the interaction between genes that are alleles and is 
a theoretical type of gene action involving many different pairs of genes 
with small individual effects. Using one pair of alleles as an example, we 
would say that the heterozygous individual, a}a~ t would be superior to 
either homozygote, a 1 ** 1 , or a-a 2 . 

As was pointed out earlier, it is never possible to make the heterozygous 
individuals breed true, because the mating of such individuals in the 
above example would result in the segregation into the three different 
genotypes in a 1:2:1 ratio. A good example of such a case is coat color 
in Shorthorn cattle. Roan cattle are heterozygous (.RIP) and possess one 
gene for red and one for white coat color. This is a blending type of 
inheritance where neither gene is dominant to the other. The mating 
of roan cattle results in the production of 1 red:2 roan:l white. In spite 
of the fact that roan individuals do not breed true, it is possible to make 
matings in such a way that roan individuals may always be produced. 
This can be done by merely mating red (RR) with white (WW) individ- 
uals. Since the genotype may be distinguished by the phenotype, such 
matings can be made rather easily. 

It is not possible to determine from their phenotype the genotype of 
individuals for certain economic traits. This is especially true where many 
pairs of genes with small effects may be involved. We do know, however, 
from a theoretical standpoint, that if the heterozygous individual does 
not breed true, we cannot hope to take advantage of overdominance by 
combining these genes into a single superior breed. We know also that, 
in order to always produce heterozygous individuals, we must cross lines 
or strains that are homozygous for the several pairs of genes that give the 
overdominant type of gene action. This may be illustrated in the follow- 
ing example: 

X cPa^b 1 b t c s c?cP{! i 

Inbred line one Inbred line two 

oWWAM* 

Linccross offspring 

Even though we cannot tell the genotypes of inbred line one and in- 
bred line two from their phenotypes, v\e get some idea of how they com- 
plement each other by the performance of their crossbred, or F it progeny. 
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This mil allow us to pract.ce a land of 

current selection, wh.ch, theoretically at least, 5hou “ ,C 'P 
proving the niching or combining ability of two > nbred ma 

The procedure in practicing this kind of selection is _„«bred 

bred lines ,n crosses to identify those that produce I super ‘°' "“r 
offspring Then two or more of these lines could be select*: P . 

combining ability by making reciprocal crosses between the , ■ ^ 

crossing boars of one line with sows of the other line, and vice ■ 
that boars and sows of each line could demonstrate their crossing J 
based on the performance of their crossbred progeny The boars and 
from each line that demonstrated their ability to produce superior c 
bred offspring could then be used to produce the pure line in the n 
generation Several generations of such selection might improve the o\e 
all crossing or nicking ability of the two lines 

It can be seen, however, that the system of reciprocal recurrent se e 
tion is time consuming and costly Its effectiveness has not yet been 
oughly tested in farm animals, and its effectiveness may not be fully e 
termined for a number of years In the meantime, advantage may be ta en 
of this kind of gene action and that of epistasis by crossing different 
breeds to produce crossbred offspring 


Selection tor Additive Gene Action 

It has already been pointed out that additiv e gene action is thought to 
be of considerable importance in the expression of quantitative traits o 
great economic importance such as rate of gain, milk production, carcass 
quality, and others When this kind of gene action is important, selection 
merely becomes a matter of finding those indiv iduals which are superior 
for the trait and then mating the best to the best, year after year If this 
is done eventually most of the contributing genes could be combined 
into one breed or one herd although this depends upon efforts to make 
selection as effective as possible 
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Questions and Problems 

1 What is selection? 

2. What is the mam genetic effect of selection? 

3 Distinguish between artificial and natural selection 

4. Outline methods of selection to follow to eliminate a dominant gene from a 
herd, a recessive gene 

5 What methods of selection should be followed m improving traits affected 
largely by nonadditue gene action such as epistasis and overdominance, for 
traits influenced largely by additive gene action? 

6 Assume that the frequency of a recessive gene in a large population of cattle 
is 0 05 All homozygous recessi\e individuals are discarded and not used for 
breeding purposes What would be the probable frequency of the recessive 
gene after six generations of selection? 

7 In question 6, what would be the frequency of the dominant gene before se 
lection was practiced and again after six generations of selection against the 
recessive gene? 

8 Assume that the frequency of the recessive gene in question 6 actually m 
creased, instead of decreasing, after six generations of selection against the ho 
mozygous recessive individuals What would be the possible explanation? 



Selection of Superior v/ 
Breeding Stock 


Any progress animal breeders may 
hope to make through the application of breeding and selection methods 
will depend upon their ability to recognize those animals which possess 
superior inheritance These superior animals must be mated together for 
the production of superior offspring The only way we have at present 
of estimating the kind of genes an animal possesses is through their ex 
pression in the phenotype of the individual and/or his relatives Figure 
31 illustrates the kinds of relatives an individual has, on which selection 
may be based 
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SELECTION ON THE BASIS OF INDIVIDUALITY 

Selection on the basis of individuality means that animals are kept for 
breeding purposes on the basis of their own phenotype Selection may be 
made for several traits such as coat color, conformation, performance, 
or carcass quality In the past the most emphasis m selection probably 
has been based on coat color and conformation, although performance 
and carcass quality have received more attention in recent years 

Most of the breeds of livestock are characterized by a particular coat 
color or color pattern and this is one of the requirements for entry into 
the registry associations Selection for coat color has been practiced be 
cause of us aesthetic value rather than us possible correlation with other, 
important economic traits 

Attempts to relate variations of coat color to performance svith.n a 
no . t ra “ '™ h suc “* the experimental standpoint, al 
brf ' M ’ " Y “ me " [e,:1 lhaI th <™ » a relationship The strong 
and ten! ' " M lhcr ' 15 a stron S relationship between color 

and temperament seems to be refuted by actual expenmental data* Nes 
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Brothers, sisters, 
cousins and etc. 



-Grandsire 


_ Grandsire 


FIGURE 31 Different kinds of relatives of an individ- 
ual UPON WHICH SELECTION MAY BE BASED. 


ertlieless, there is evidence that animals of some colors may be better able 
to cope with certain environmental conditions, such as high temperatures 
and intense sunlight in some regions of the tropics or in the South and 
the Southwestern portions of the United States. 

As was pointed out in Chapter 11, coat color in some instances is closely 
related to lethal and undesirable genes in farm animals. In addition, many 
cases in animals of other species, such as the mouse, dog, cat, mink, and 
fox, also show such relationships. How important this relationship might 
be in the efficiency of livestock production will have to await further ex- 
perimental results. 

Certain coat colors are the trademark of the various breeds of livestock. 
This is probably because this is a characteristic easily recognized, even 
by the novice. Whether or not animals of one color are superior to those 
of another may not be important. The important point is that the breeder 
must conform to the breed requirements for this trait, or he will not be 
in the purebred business for long. 

QD jType and conformat ion hav e been used as the basis, of selection for 
manyjye ars throu ghout the world. Type may be,defined as the ideal of 
body constructio n that makes an individual best suited for a particular 
purpose. This basis of selection has merit in some instances. The con- 
formation of a draft horse is such that he is better suited to pulling heavy 
loads than he is to racing. On the other hand, the reverse is true of the 
thoroughbred. 

The performance of individuals has also been given some attention in 
the development of some of our breeds of livestock. For many years thor- 
oughbred horses have been selected for breeding purposes for their speed. 
Dairy cows have been selected for their ability to give large amounts of 
milk and butler fat. In beef cattle and swine, however, less attention has 
been paid to selection for performance and carcass quality until the last 
few years, except possibly in swine in Denmark. 



i3 8 


Selection of Superior Breeding Stock 


Increased emphasis is now being placed on selection for perform 
and carcass quality, because breeders realize that the type or conformation 
of an individual is not the best indicator of its potential performanc 
its carcass quality More exacting measures of these traits must be app 
before progress can be made in selection for them 
The correlation between type and carcass quality is greater in som 
instances than is the correlation between type and performance We can 
tell something about the meatiness of hogs by a visual inspection, but t is 
is not reliable Better methods are backfat probes on live animals, actua 
weighings and measunng of lean meat in the carcass 
The fact that type and performance are not usually closely related in 
dicates the importance of selecting separately for the important traits in 
livestock production If the correlation between type and other traits is 
low, this indicates that they are inherited independently and that all 'Vi 
be improved only if selection is practiced for each of them 

Individuality for certain traits should always be given some considera 
lion in a selection program However it is more important in some m 
/•A stances than m others It is m ost important as the basis ofjs election when 
^ __the hentabilit y of a trait is high indicating that the trait is greatly 
affected by additive gene action High hentability estimates_also_mgK£ st 
that the phenotype strongly reflects thfLgenotypeand that-theandmduals 
that are supenorjor a particular trait should^also possess th e desirab le 
genes for that trait and should transmit them to their offspring 
&> - The greatest disadvantage of selection on the basis of indivi duality is 
that environmental and genetic. effects are sometimes diff icult to dist in 
guish Much of the confusion may be avoided by growing or fattening the 
offspring being compared for possible selection purposes under a stand 
ard environment Even then it is still possible to mistake some genetic 
effects for environmental effects This is less likely to happen, however, 
m the outstanding individuals than in those that have a mediocre record 
For instance a bull calf placed on a performance test may make a po° r 
record because of an injury or because of sickness while on test But if he 
makes an outstanding record we are pretty certain that he possessed the 
proper genes and in the right combination as well as the proper environ 
mem to make the good record We cannot always be certain however 
whether an individual with a mediocre record would have done better 
even ,[ adverse environmental factors had not interfered We can be cer 
5" reC °;, d 15 P ° 0r and ’ “Wmg on this basis, we will also elinu 
. 8 eneUca y poor individuals This chance is worth taking, even 


though we may discard 
ally 


some genetically superior individuals occasion 


f ' CU T° n W °‘ >nd.v,dual,ty w.thm mbred lino of 

ha ' C S "°" n •>>« *leco„ favored the levs mbred Inters Th.s » 
1 ° ! salIn S lh =>t election probably favored the more hetero- 
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IK, URL 32 Pmicwt of Bkiiiiant Mi« Routn (895G58) "Htcii includes informa- 
tion ON UtF 1 1 RrORM ANCF OF RHAIIVIS A I'lDtCRFl OF Till* KINO IS OF MLCH MORE USF IN 
SmCItON THAN ONF CONTMMMt ONES NAM 15 AND MJMRFRS. (COURTESY Ol THF AMI RICAN 
llAMiMimi Swini Rfcord Association ) 
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FIGURE 33 This 

YOUNG BULL WAS PROVED 
FREE OF THE DWARF GENE 
BY THE PROGENY TEST 
EVEN THOUGH HIS SIRE 
WAS A KNOWN CARRIER 
OF THE DWARF GENE. 



the individual still has a questionable pedigree and will be condemned 
by many breeders, either because they are not familiar with the inherit- 
ance affecting such a trait or because they are afraid to trust the progeny- 
test information. 

Another disadvantage of pedigree selection is that the individuals in 
the pedigree, especially the males, may have been selected from a very 
large group, and the pedigree tells us nothing about the merit of their 
relatives 

Still another disadvantage of pedigree selection is that a pedigree may 
often become popular because of fashion or fad and not because of the 
merit of the individuals it contains. The popularity of the pedigree may 
change in a year or two, and the value of such a pedigree may decrease 
considerably or may even be discriminated against. If popularity is 
actually based on merit, there is less danger of a diminution of value in 
a short period of time. 

In using pedigrees for selection purposes, the most v eight should be 
given to the most recent ancestors This is because the percentage of genes 
contributed by an individual’s ancestors is halted each new generation. 
Methods of calculating the percentage of genes an individual has in com- 
mon with some admired ancestor will be presented in a later chapter. 
Some breeders place much emphasis on some outstanding ancestor three 
or four generations removed in the pedigree, but such an ancestor con- 
tributes a very small percentage of the genes the individual possesses and 
has very little influence on type and performance, unless linebreeding to 
that ancestor has been practiced. 

An individual's own performance is usually of more value in selection 
than its pedigree, but the pedigree may be used as an accessory to sway 
the balance when two animals are very similar in individuality but one 
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FIGURE S( Pedigree of Duchess 55th A very popui^r 

PEWGREF AT OVE TIME, BUT THE FAMILY LATER LOST POPU- 
LARITY BECAUSE OF BARRENNESS IN THE COWS 


has a more desirable pedigree than the other. Pedigree information is also 
quite useful when the animals are selected at a )oung age and their own 
t)pc and conformation is not known. Pedigrees are also useful in identi- 
fying superior families if good records are kept and are available for 
stud). 


SELECTION ON THE BASIS OF COLLATERAL RELATIVES 

Collateral relatives are those that are not related directly to an indi- 
vidual, cither as ancestors or as their progen). Thus, they are the indi- 
vidual's brothers, suters, cousins, uncles, aunts, etc. The more dosel) they 
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FIGURE 35 Somp carcass cuts in uttermate barrows, Numbers 315 and 317 Litter- 

MATU CAN V ARY IN SUCH TRAITS BUT CENERALLY ARE MORE ALIKE THAN NON L1TTERMATES. 
(COLRTT-SY OF THE UNIVERSITY OF MISSOURI.) 
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are related to the individual in question, the more valuable is the infor- 
mation they might supply for selection purposes. 

Information on collateral relatives, if complete, gives an idea of the 
kinds of genes and combinations of genes that the individual is likely to 
possess. Information of this hind is now being used in meal-hog certifies- 
tion programs, where a barrow and a gilt from each litter may be slaugh- 
tered to obtain carcass data This is done, because otherwise the animal 
himself has to be slaughtered if information on his own carcass quality 
is to be obtained. Information on collateral relatives is also used in se- 
lecting dairy bulls, since milk production can be measured only in the 
cows even though the bull transmits genes to his offspring for this trait. 


SELECTION ON THE BASIS OF PROGENY TESTS 


Selection on this basis means that we estimate the breeding value of an 
individual through a study of the traits or characteristics of its offspring. 
In other words, the progeny of different individuals are studied to deter- 
mine which group is superior, and on this basis the superior breeding 
individual is given preference for future breeding purposes. If data are 
complete, this is an excellent way of identifying superior breeding ani- 
^ mals. 

(ij Progeny tests _are very useful for determining characteristicsthat are 
expressed only_in one sex, such as milk production in cows or egg pro- 
duction in hens. Even though the bull does not produce milk nor does 
the rooster lay eggs, they carry genes for these traits and supply one-half 
of the inheritance of each of their daughters for that particular trait. 

Progeny tests are also useful in measuring traits which cannot be meas- 
ured m the living individual. A good example of this is carcass quality 
in cattle, sheep, and hogs. 

^ ^ ^ Progeny tests are also being used at the present time by experiment 
•" stations in studies of reciprocal recurrent selection. This type of selection 



FIGURE 36 Tins bull 
SIRED 600 CALVES IN ONE 
YEAR WITHOUT PRODUC- 
ING A SINCLE DWARF 
calf. When his sons 
AND DAUGHTERS WERE 
USED FOR BREEDING, THEY 
PRODUCED MANY DWARF 
CALVES IT TAKES A WELL 
PLANNED AND ACCURATE 
PROGENY TEST TO PROVE 
A SIRE. 
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TABLE 24 


INFLUENCE OF THE BOAR ON THE PERFORMANCE 
AND CARCASS QUALITY OF HIS PIGS* 


No. of 
sire 

Performance 

Carcass 

No. of 
offspring 

Age at 
200 lbs. 

Feed/100 gain, 
birth to tvean. 

No. of 
offspring 

Backfat 

thickness 

% lean 
cuts 

Loin 

equiv. 

1 

8 

139 

329 

91 

1.44 

55.4 

54.2 

2 

e 

150 

341 


1.53 

54.2 

EH 

3 

8 

153 

334 


1.56 

53.7 


4 

8 

154 

327 


1.56 

54.2 


5 

8 

153 

332 


1.73 

53.3 

51,6 

6 

7 

155 

337 


1.64 

52.5 

Hi * M 

7 

8 

152 

336 

ys sis 

1.55 


K : 9 

8 

8 

148 

347 


1.42 


E ■ 9 

9 

8 

152 

343 


1.53 


E ; m 

10 

16 

134 

333 

8 

1.44 

55.1 

E ' rfl 

11 

8 

143 

342 


1.51 

54.5 

53.2 

12 

8 

141 

329 


1.55 



13 

8 

144 

346 

SB 

1.66 



14 

15 

150 

364 

MM 

1,57 




Differences between sires as to (1) age at 200 lbs,, (2) percentage ctf lean cuts, 
and (3) loin equivalent were significant (P < .01). The prevailing price for loins 
times the loin equivalent gives the value of live hogs per 100 pounds body weight. 


•Adapted from U. of Mo. Progress Report 22, April 10, 1953. 

is used to test for the “nicking ability” of individuals and lines and is 
based on the performance of the line-cross progeny. Selection of this na- 
ture is for traits that are lotvly heritable and in which nonadditive gene 
action seems to be important. It was discussed in detail in Chapter 14. 

In comparing individuals on the basis of their progeny, certain pre- 
cautions should be taken to make the comparisons fair and accurate. In 
conducting a progeny test, it is very important to test a random sample 
of the progeny. It would be more desirable if all progeny could be tested, 
but where this cannot be done, as in litters of swine, those nearer the 
a\erage of the litter should be tested. It is also important that the females 
to which a male is mated should be a nonselected group. One would ex- 
pect the offspring of a sire to be superior if he is mated to the outstand- 
ing females in the herd. Such a practice would be misleading in com- 
paring males b) a progeny test, since much of the superior! t> of the off- 
spring of one male could come from the dams and not from the sire. 
Some breeders prefer using a rotation of different dams when testing 
males, but this is practical onl) in swine, where two litters ma) be pro- 
duced each }car. 

Using a large number of offspring in testing a sire increases the accu- 
racy of the test, as a general rule. Where the number of females in a herd 
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ls limited, however, the number of males that may be progen) tested will 
be less as the number of matings per sire is increased The point is then, 
that the breeder must make some decision as to how man) sires to test 
and how man) progen) must be produced to give a good test The num 
ber of offspring required for an accurate progeny test will depend upon 
the heritabilit) of a trait, with fewer offspring being required if the. trait 
is highl) heritable, and more being required if it is lowl) heritable 
To make accurate progen) tests it is also important to keep the enw 
ronment as nearly as possible the same for the offspring of the different 
sires In progeny testing swine, for instance confusion would result if the 
progeny of one sire were fed in dry lot during the summer and the prog 
eny of another were fed on pasture This would be particularly true in 
progeny testing for rate of gam where pigs fed modem rations often 
grow considerably faster in dry lot than on pasture If this environmental 
condition were not controlled, the inferior sire might actually be thought 
to be superior 

Progeny tests in most of our farm animals have certain definite limita 
tions In cattle, especially, it takes so long to prove an animal on a progeny 
test that he may be dead before the test is completed and his ment ac 
tually known Progeny tests may be obtained more easily in swine than 
in other farm animals, but even here the males are usually disposed of 
by the time they are thoroughly progeny tested 

The process of progeny testing may be speeded up by testing males at 
an earlier age than they would ordinarily be used for breeding purposes 
By hand mating them to a few females or by using them on a larger 
number of females by artificial insemination, harmful effects that might 
occur from overuse at too early an age may be prevented. 

Too often, farmers send their old sires to market just as soon as their 
daughters are old enough to breed, in order to prevent inbreeding This 
practice has resulted in much loss of good genetic material for livestock 
improvement. Actually, a sire is not proved until his daughters come 
into production Rather than being slaughtered a sire that has proved 
himself to be of high genetic merit should be used more extensively 
It is true that his usefulness in a particular herd may be finished when 
his daughters are of breeding age, but he should be sent to another herd 
to be used for additional breeding purposes 

To be proved, a sire must have completed a satisfactory progeny test 
record of some kind For example, he may be considered proved if he has 
six offspring who have completed one year's record, but this vanes with 
the traits involved. This may be a lactation record, or one of htter size, 
egg production or birth and weaning weights A sire so tested may be 
said to be proved whether his offspnng are good or poor Before buying 
a proved sire to use m a herd a breeder should not neglect to find out if 
he has been prosed a good or a poor producer 
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Recent research work indicates that, m the .future, newer methods of 
progeny testing may be developed that are superior to those that now 
exist For instance, the semen of a bull that has been proved highly su 
penor could be collected at regular intervals, frozen, and stored for later 
use, even after his death Some breed associations, however, do not allow 
this procedure to be followed, instead, they cause the frozen semen to be 
destroyed when the male dies In swine, it might be possible to get quicker 
progeny tests on females by weaning their pigs at two or three weeks of 
age and breeding them again as soon as possible to produce three litters 
per year By the injection of certain hormones a female can be made to 
produce hundreds of eggs instead of the usual one or few Research work 
ers have attempted to transplant these extra ova to other females, where 
the fertilized ova may develop to birth and possess the characteristics of 
the mother which ovulated the egg The success of the transplantation of 
ova has been limited, but future studies may make it more practical if 
this could be done, it would be possible for an outstanding female to 
have many offspring in one year, rather than one or just a few 


METHODS OF SELECTION 


In the preceding sections of this chapter, the importance of the merit 
of the individual and its relatives in identifying genetically superior 
breeding animals was discussed Our discussion now will be directed 
toward the methods of selection that may be practiced, using the infor 
mation obtained from records on the individual and/or its relatives It 
should be kept m mind when selection methods are being discussed tint 
the amount of progress made, regardless of the method used, also de 
pends upon the size of the selection differential (selection intensity), the 
hentability of the trait, the length of the generation interval, as well as 
some other factors These will be discussed in more detail in Chapter 16 
From the practical standpoint, the net value of an animal is dependent 
upon several traits that may not be of equal economic value or that mi) 
be independent of each other For this reason, it is usuall) necessary to 
select for more than one trait at a time The desired traits will depend 
upon their economic value, to a great extent, but only those of real 1 m 
portancc should be considered If too man) traits are selected for at one 
time, less progress will be made in the improvement of an) particular 
one Assuming that the traits are independent and their economic value 
and hentabihi) arc about the same, the progress in selection for an) one 


trait is onl) about — = limes as effective as it would be if selection were 
\/n 

applied for that trait alone For example, if four traits were selected for 
at one tunc in an index, the progress for one of these traits v\ould be on 
the order of $ (not $) as effective as if it were selected for alone 
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Several methods may be used for determining which animal should be 
saved and which should be rejected for breeding purposes Three of these 
methods which are generally used have been discussed by Hazel and 
Lush 2 


Tandem Method 


In this method, selection is practiced for only one trait at a time until 
satisfactory improvement has been made in this trait Selection efforts 
for this trait are then relaxed, and efforts are directed toward the im 
provement of a second then a third, and so on This is the least efficient 
of the three methods to be discussed, from the standpoint of the amount 
of genetic progress made for the time and effort expended by the breeder 
The efficiency of this method depends a great deal upon the genetic 
association between the traits selected for If there is a desirable genetic 


association between the traits, so that improvement in one by selection 
results in improvement in the other trait not selected for, the method 
could be quite efficient If there is little or no genetic association between 
the traits, which means that they are inherited more or less independ 
ently, the efficiency would be less than if the traits were genetically as 
sociated in a desirable manner Since a very long period of time would 
be involved in the selection practiced, the breeder might change his goals 
too often or become discouraged and not practice selection that was in 
tensive and prolonged enough to improve any desirable trait effectively 
A negative genetic association between two traits, in which selection for 
an increase m desirability in one trait results in a decrease in the desir 
ability of another, would actually nullify or neutralize the progress made 
in selection for any one trait Therefore, the efficiency of such a method 
would be low 
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0.95 inches of backfat at 200 pounds. If the independent culling method 
of selection were used. Pig B would be rejected, because it was from a lit* 
ter of only five pigs. However, it was much superior to Pig A in its weight 
at five months and in backfat thickness, and much of this superiority 
could have been of a genetic nature. In actual practice, it is possible to 
cull some genetically very superior individuals when this method is used. 

The independent culling method of selection has been widely used in 
the past, especially in the selection of cattle for show purposes, where 
each animal must meet a standard of excellence for type and conforma-- 
tion regardless of its status for other economic traits. It is also used when 
a particular color or color pattern is required. It is still being used to a 
certain extent in the production of show cattle and in testing stations. 
It does have an important advantage over the tandem method in that 
selection is practiced for more than one trait at a time. It sometimes is 
also advantageous, because an animal may be culled at a young age for 
its failure to meet minimum standards for one particular trait, when 
sufficient time to complete the test might reveal superiority in other traits. 

The Selection Index 

This method involves the separate determination of the value for each 
of the traits selected for, and the addition of these values to give a total 
score for all of the traits. The animals with the highest total scores are 
then kept for breeding purposes. The influence of each trait on the final 
index is determined by how much weight that trait is given in relation to 
the other uaits. The amount of weight given to each trait depends upon 
its relative economic value, since all traits are not equally important in 
this respect, and upon the heritability of each trait and the genetic asso- 
ciations among the traits. 3 

The selection index is more efficient than the independent culling 
method, for it allows the individuals which arc superior in some traits 
to be saved for breeding purposes even though they may be slightly de- 
ficient in one or more of the other traits. If an index is properly con- 
structed, taking all factors into consideration, it is a more efficient method 
of selection than either of the other two which have been discussed, be- 
cause it should result in more genetic improvement for the time and 
cflort expended in its use. 

Selection indexes seem to be gaining in popularity in livestock breed- 
ing. The kind of index used and the weight given to each of the traits 
is determined to a certain extent by the circumstances under which the 
animals are produced. Some indexes arc used for selection between in- 
dividuals, others for selection between the progeny of parents from dif- 
ferent kinds of matings, such as line-crossing and crossbreeding, and still 
others for the selection between indmduals based on the merit of their 
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relatives as in the case of dairy bulb where the trait rainnot be measured 
m that particular indrv.dual Examples of these indexes and how rt > 
may be used will be given in later chapters dealing with each species 
farm animals 
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Questions and Problems 

1 When should selection be based largely on individuality? 

2 Why hasn t selection based on type and conformation resulted m an increase 
in performance in farm animals? 

3 What evidence do we have that selection for the most vigorous individuals 
might favor the selection of those which are the most heterozygous? 

4 In what ways may pedigrees be useful in selection? 

5 What are some disadvantages of pedigree selection? 

6 How may pedigrees be improved for selection purposes? 

7 Define the meaning of collateral relatives and discuss how they may be used 
in selection 

8 When are progeny tests most useful in selection? 

9 Outline how you would conduct progeny tests with 6 boars and 60 sows 
available for this purpose 

10 What are the limitations of progeny tests in animal breeding? 

11 What are the important factors which determine how much weight should 
be given to each trait included m a selection index? 

12. What are the advantages and disadvantages of the tandem method the inde 
pendent culling method and the total score or index method of selection? 



Some Factors Which Determine ^ 
Selection Efficiency 


In the last two chapters, we dis- 
cussed the meaning o£ selection, the genetic effects of selection, and se- 
lection systems to be used to take advantage of the different kinds of gene 
action. In this chapter, we shall discuss some of the factors that determine 
whether or not selection for a particular trait, or traits, is effective. 


ABILITY OF THE BREEDER TO FIND 
SUPERIOR BREEDING ANIMALS 

The progress that a breeder makes in selection depends upon his ability 
to select superior breeding stock. This ability depends to a great extent 
on the ideals and objectives he has in mind at the beginning of his breed- 
ing program. If the breeder has no definite goal and changes Ins objec 
lives each year or two, he cannot expect to make much progress even 
after many years of livestock breeding. The establishment of a definite 
objective requires clear thinking into the future, using certain basic facts 
which are at hand when the original objectives arc formed At tl e P«- =n 
time, the demand is great for carcass quality as well as for fast and efficient 
gains. Fossibly the demand for these will increase in the future, 
breeder therefore must have as his objectives the production of s«d stock 
of this kind and must use all possible means at Ins disposal to obtain 

b The V accuracy of the breeder in selecting superior breeding stock will 
be inL. ed if he will compare all breeding animals under a standard 
environment. For instance, as discussed earlier, ... 

Stock and the ioung should boll, be fed in the same manner so 
cm quality of the two arc comparable. 

i5» 
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Corrections must be mode for such factors as age, age of datn and^c 
t0 tncrease accuracy. In addition, he w.ll be -"ore a^ra e^he^ 
scales rulers, and other measuring devices whenever po«i • 
tn breeding animals such as type and conformation “ * 
with the eye, and such a measurement in this case will has 

Accurate and detailed records arc essential for increasmg the accuracy 
of the breeder in choosing superior breeding animals. Recor 5 ^ 

tell what the individual has done, hut they also tell something a 
merit of his various relatives Records kept in the head are often 
ing, because there is a tendenq- to pick breeding stock from a 
cow, sow, or ewe which can readily be remembered. Selection of thi 
may often be practiced in spite of the fact that offspring chosen in 
manner are inferior to others in the herd. 


AMOUNT OF SELECTION PRESSURE APPLIED 

The amount of selection pressure applied for a particular trait is known 
as the selection differential The selection differential is the average » 
ference between the herd average and the average of the individua 
within that herd that are kept for breeding purposes The selection di * 
ferential is illustrated in Figure 37. using backfat thickness in swine as 
an example The average backfat thickness in this group of pigs was 37- 
millimeters at 200 pounds of body weight. From this group, boars an 
sows were selected that averaged 28.5 millimeters of backfat at 20 
pounds The selection differential is the difference between the average 
of all pigs in that group (37.5) and the average of the individuals kept 
for breeding purposes (backfat thickness in sows plus backfat thickness 
m boars divided by two), or 9 0 millimeters 

In general, the larger the selection differential, the more progress one 
can expect to make in selection We would expect parents that averaged 
23 0 millimeters of backfat selected from the above population to p rt> " 
duce offspring with less backfat than parents which averaged 28 5 nulh- 
meters 

A number of factors may affect the size of the selection differential 
Among these is the number of animals that can be culled in the process 
of selecting breeding animals, or the number of animals that need to be 
kept for replacement purposes Fewer replacement animals will be re- 
quired in a herd where the number is being kept the same from year to 
year than in a herd where the size is being increased each year. In the la 1 ' 
ter case, perhaps all of the females m the herd may be kept for breeding 
purposes, whereas in the former only the more desirable females would 
be retained. The selection differential for males is almost always larger 
than that for females, since fewer males are needed for breeding purpose 5 
and they can be more extreme individuals. 
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BACKFAT THICKNESS IN MILLIMETERS 


FIGURE 37 Illustration of the meaninc of the selec- 
tion DIFFERENTIAL USING BACKFAT THICKNESS IN HOCS AS AN 
EXAMPLE. 

The number of traits selected for will have a tendency to reduce the 
size of the selection differential for any one trait. The reason for this is 
that an animal which is outstanding in one trait may be mediocre in 
another or in several others. In other words, it is much more difficult to 
find an individual that is outstanding for several traits than it is to find 
one that is outstanding for only one. For this reason, it is important that 
not too many traits be selected for at one particular time. Only those 
which are of the greatest economic importance should receive attention, 
and these should be included in a selection index where each trait se- 
lected for is given a certain amount of weight and the overall merit of the 
animal is expressed as a single numerical value. The weight assigned to 
each economic trait should be determined on the basis of its relative eco- 
nomic value, its degree of heritability, and whether or not the same genes 
that affect it affect another trait used in the same index. 

A selection index tends to balance the strong points of the animal 
against its weak points. Progress from selection without the use of an 
index generally is reduced by the tendency of the herd manager or ani- 
mal breeder to shift the relative emphasis placed on each of the traits 
of economic importance from year to year. 

Since the increase in the number of traits selected for reduces the size 
of the selection differential for any one trait, only those of the greatest 
importance should receive attention, and less importance should be as- 
signed to those such as coat color or size and shape of the ears that have 
little or no influence on the performance of the individual. 
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The level ot performance of individuals in a herd can affect the 
ofThe selection differential. If sc.cc.ion for a rrair hasheenpra.^ 
many sears and the average of the herd for that particular trait is toy 
high it becomes more dilficul. to find individuals for breedms P“ r P°£ 
that greatly exceed this average. Tin's is especially true for s res hat are 
purchased from another herd. On the other hand, if there has 
selection for improvement in a particular herd and the average for a alt 
is low, it becomes much easier to Find individuals from other her 
exceed this average than it is from a herd where the level o per orm 
is very high. Actually, a sire that may lower the average of the oilspring 
in the first herd may increase the average of the offspring in the secon • 
To further illustrate how the level of performance may affect t e siz 
of the selection differential or the amount of progress made in selection, 
let us assume that an average of 30 millimeters of backfat in swine is 
desired. Both boars and sows in a herd arc probed for backfat thickness 
at 200 pounds, but the least amount of backfat in any one individual in 
this herd is 35 millimeters. Thus, selection within this herd for 30 milli- 
meters of backfat would be extremely slow, because it would not be pos- 
sible to obtain a large enough selection differential to move rapid y 
toward the desired backfat thickness It would be necessary to introduce 
individuals with thinner backfat from outside the herd if rapid progress 
in selection toward the desired goal would be realized. Caution should 
be exercised in selecting individuals from another herd, however, be- 
cause differences between herds often arc largely due to environmental 
factors This is less likely to be true of comparisons made within the 
same herd. 


HER1T ABILITY OF THE TRAITS 

The amount of progress that can be made in selection is definitely lim- 
ited by the heritability of the trait. Selection for a trait that is lowly 
heritable, such as litter size in swine (15 to 17 per cent heritable), will 
make little progress. On the other hand, selection for a trait that is highly 
heritable, such as rate of gain of cattle in the feed lot (about 57 per cent 
heritable), should result in more progress being made in improving this 
trait. When the heritability of a trait is high, we expect a larger portion 
of the selecuon differential to be due to heredity and less to environment. 
■Where the heritability of a trait is low, most of the selection differential 
may be due to environmental factors. 

Heritability estimates, together with the selection differential, may be 
used to calculate the progress we can expect to make in selection for a 
certain trait. For an example, let us use the rate of gain of cattle in the 
feed lot, which, as mentioned above, is about 57 per cent heritable. Let 
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us assume that, from a herd that averages 2 00 pounds per day in gam, 
we select bulls that average 3 00 pounds per day and cows that average 
2 50 pounds We now calculate the selection differential, which is the 
difference between the average of the parents (3 00 + 2 50) /2, or 2 75 
pounds, and the average of all individuals m the herd, which is 2 00 
pounds Thus, the selection differential is 2 75 minus 2 00, or 0 75 pounds 
By multiplying the selection differential by the hentability estimate (0 75 
X 57), the expected genetic gain in the offspring of the selected parents 
over the average of the herd from which they came will be 0 428 pounds 
In other words, since only about 57 per cent of the advantage of the se 
lected parents is due to genes, only this amount will be transmitted to 
their offspung Thus, the offspring would be expected to gam 2 428 
pounds per day in the feed lot, if all other things are equal m the two 
generations 

For further illustration, let us assume that rate of gain in the feed lot 
had been only 20 per cent heritable instead of 57 per cent How much 
progress would we expect to make in selection m one generation, using 
the same selection differential as used in the first example? In this case, 
only 20 per cent of the 0 75 pounds, or the selection differential will be 
transmuted to the offspring The expected genetic gam would be 0 75 x 
20, or 0 15 pounds per day in the offspring The average daily gain of 
the offspring would be 2 00 -f 0 15, or 2 15 pounds 

In suggesting the use of hentability estimates m calculating the amount 
of progress one may expect to make in selection, it is veil to point out 
that hentability estimates are a\erage figures taken from many expcri 
ments Furthermore, in dealing with individuals, it is entirely possible 
that the superiority of any one parent might be due to a luck) combina 
tion of genes or to a more favorable emironment Thus, heritabiht) csti 
mates as used to estimate probable progress one can make in selection 
for various traits give us a general rather than a specific estimate 

It will be noticed that the average of the offspring in the above exam 
pie tended to go back, or regress, toward the mean of the population from 
which the parents were selected This is known as Gabon's lav of regres 
sion, because lie first noted this phenomenon in 1889 in a stud) of data 
of 200 parents and 900 of their adult offspring This lav seems to appl) 
to large populations and to a succession of individual cases, as is also true 
of heritabiht) estimates 

There are at least two reasons for the regression of progen) of extreme 
parents toward the mean or average of the population This is partial 
lari) true of a trait such as rate of gain which is affected b) nnn) genes 
The first reason vc have ahead) demonstrated when vc shoved that a 
ponton of the supenont) of the parents is due to environment and thus 
is not transmitted to their offspring T he second reason is tint patents 
mi) b c extreme because of a luckv combination of genes which have a 
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nicking effect. Such parents are probably highly heterozygous for many 
genes with a nonadditive effect. Since this heterozygosity of the parents 
cannot be transmitted as such to their offspring, the desirable combina- 
tion of genes possessed by the parents is disrupted by segregation an 
recombination in the offspring, and they regress toward die mean of the 
population for that particular trait. 


GENERATION INTERVAL 

The generation interval may be defined as the average age of the par- 
ents when their offspring are born. The generation interval will, of course, 
vary with different species of farm animals and with the procedure fol- 
lowed to produce a new generation of breeding animals. The generation 
interval in swine can be reduced to one year if pigs are selected from the 
first litters of gilts bred to boars of the same age. When this is practiced, 
gilts can be bred when they are seven to eight months of age and will 
produce litters by the time they are one year of age. If sows as well as 
boars are progeny- tested before they are used to produce breeding or re- 
placement offspring, the generation interval may be two years or even 
longer. 

In cattle, the generation interval could conceivably be as short as two 
or three years, but on the average it is considerably longer than this if 
any progeny-testing is done or if the performance records of cows deter- 
mine whether or not their offspring are kept for breeding purposes. 

To illustrate how thelength of the generation interval might affect the 
amount of progress made in selection, let us compare two systems of 
breeding in swine, one where young boars and gilts are used for breeding 
purposes and the generation interval is one year, and one where replace- 
ments of breeding stock are selected only after records are obtained on 
the performance of the parents from two previous litters. The generation 
interval in the latter case would be about two years. In four years’ time, 
we should have had the opportunity to produce four generations with 
the first selection system, but with the second only two generations would 
have been produced. It is obvious that if the heritability of the trait is 
the same, we would expect to make more progress in selection in four 
than in two generations. 


GENETIC CORRELATIONS AMONG TRAITS 

A major gene, or one with large monofactorial effects, can affect two 
or more traits For example, in Chapter 1 1 it was shown that a gene for 
coat color in some animals often had a detrimental or lethal effect on an 
individual. This effect of the same gene on more than one trait is known 
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as pleiotropy. Evidence has also been obtained that two or more quan- 
titative traits, that is, those influenced by many genes with small effects, 
may also be determined by some of the same genes. When two traits are 
affected by the same genes, or many of the same genes, they are said to be 
genetically correlated. 

Pleiotropy is probably the major cause of genetic correlations, although 
it is possible for linkage to have a similar but transitory effect. The ex- 
istence of genetic correlations among traits has been observed in selection 
experiments where improvement in one trait was accompanied by a posi- 
tive or negative genetic change in another for which selection was not 
practiced. Genetic correlations have also been determined by statistical 
means, and they give an estimate of the extent to which two traits are 
affected, or not affected, by the same genes. Whether or not two traits are 
genetically correlated probably depends upon whether or not they have 
the same physiological basis. 

The genetic correlation between two traits may be very low, which 
means that probably very few of the same genes affect the two traits. Type 
and performance in beef cattle is a good example of this in that selection 
for type seems to have little influence on performance, or vice versa. Ob- 
viously, selection on the basis of one will not make an improvement in 
the other, and we might say that the two traits are inherited independ- 
ently. If true, this means that it should be possible to get both in our 
animals, but to do so we must select for both. 

Two or more traits may also be correlated from the genetic standpoint 
in a positive manner. By this is meant that selection for the improvement 
of one will also result in the improvement in the other even though di- 
rect selection for its improvement has not been practiced. An example 
of this is rate and efficiency of gain in swine. Evidence has accumulated 
which indicates that if we select within a herd for fast-gaining individuals 
and make improvement in this trait, the efficiency of gain also improves. 
This indicates that physiologically, as well as genetically, die two traits 
are correlated or influenced by the same genes. If die genetic correlation 
between two traits is high enough, it may not be necessary to measure 
both, especially if the measurement of one requires added expense, time, 
and equipment. Thus, if there is a high enough genetic correlation be- 
tween rate and efficiency of gain, we could measure only rate of gain and 
select for it and improve bodi at the same time. The rate of gain of in- 
dividuals may be measured easily even if animals are fed in a group, but 
the efficiency of gain is more difficult to measure, since animals must be 
fed individually and careful attention to present feed wastage is required. 

It is also possible for two traits to be genetically correlated in a nega- 
tive manner. This means that selection for the improvement of one, if 
successful, results in a decline in the other to which it is genetically cor- 
related. An example of such a correlation is bmtctr.it percentage and 
milk yield in dairy cattle. Although there is evidence of other possible 
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negame genetic relationships between economic traits in (arm anl ™ ,! ' 
more proof is needed, rerhaps negatise genetic correlations may exp 
why selection for dual purpose animals has not been as successful as < 
sired. 


CONCLUSIONS ON PROGRESS IN SELECTION 

The preceding discussion shows that progress in selection is dependent 
upon many factors In short-term selection experiments, the most impor- 
tant of these is the degree of heritability of a trait and the size of t e 
selection differential. E'en if the heritability of a trait is as high as 7 
per cent, no progress will be made in selection if the selection differentia 
is zero Furthermore, no progress will be made if the selection differentia 
is large and the heritability of the trait is close to zero. If we expect to 
make progress in selection, we must be certain that the most effective 
selection methods are used and that we arc selecting for those traits 
which can be improved. 


Questions and Problems 

1 What can the breeder do to increase his accuracy in finding superior breeding 

animals? 

2 What is meant by the selection differential? 

3 What factors affect the size of the selection differential’ 

4 Why is selection intensity usually greater for males than for females? 

5 Explain in detail why the offspring of superior parents tend to regress toward 
the mean of the population 

6 The post weaning rate of gain in swine is about 30 per cent heritable In a 
herd where the average daily gain is 1 40 pounds, gilts which average I 70 
and boars which average 2 00 pounds of gain are kept for breeding What 
would be the expected rate of gain in their offspring? 

7 Sows in a herd are kept until they produce three litters before replacement 
gilts are selected If the) are 1 year. 1 5 years, and 2 years of age when they 
produce their first, second, and third litters, respectively, what would be the 
generation interval in this herd’ (Assume they were mated to a boar of the 
same age ) 

8 Calculate the generation interval in your family 

9 Explain what is meant by genetic correlations among traits 

10 Explain the difference between a 


positive and a negative genetic correlation 
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Inbreeding is another tool, in ad- 
dition to selection, that the animal breeder may use for the improvement 
of farm animals. Inbreeding is a mating system in which progeny are 
produced by parents more closely related than the average of the popu- 
lation from which they come. 

Most livestock producers are familiar with the effects of inbreeding, and 
they avoid it as much as possible. It is avoided because past experience 
has shown that inbreeding is usually associated with the appearance of 
genetic defects and a general over-all decline in vigor and performance. 
In humans, it is believed that children from the marriage of first cousins 
are doomed to be deformed physically or mentally, and this belief is so 
strong that we have certain moral and legal laws which prohibit the mar- 
riage of close relatives. 
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FIGURE 38 Diagram illustrating how hybrid seed corn 
is produced The principle involved is to indreed corn 

WHICH NORMALLY IS CROSVTOLVNXTED TO FORM SEVERAL 
INBRED LINES THESE ARE THEN TESTED TO FIND WHICH ONES 
NICK. THE BEST IN CROSSES AND THEN THEY ARE USED A5 
DIAGRAMMED ABOVE FOR SEED CORN PRODUCTION SoMETHINC 
SIMILAR COULD BE DONE WITH LIVESTOCK (COURTESY OF THE 

Field Crops Department University of Missouri ) 

GENETIC EFFECTS OF INBREEDING 

The genetic effect o£ inbreeding is that it makes more pairs of genes 
in the population homozygous regardless of the kind of gene action in 
volved All phenotypic effects of inbreeding result from this one genetic 
effect so it is very important to understand how homozygosity is brought 
about 

To illustrate the genetic effect of inbreeding we shall use a single pair 
of genes and let D be the dominant and d the recessive allele We shall 
also assume for this example that we are dealing with plants which are 
self fertilized and that there is no selection for or against the dominant 
or the recessive genes We will also assume that the parent generation we 
are working with contains 1600 individuals all of which are heterozygous 
for the two genes (Dd) This is shown in Table 15 The crossing of het 
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erozygous individuals will give a genotypic ratio of 1DD 2 Dd \dd in the 
first generation Since the ratio is the important thing to consider, we 
will keep the number of individuals in each generation at 1COO but wi 
change the ratio as homozygosity increases 

A study of this example will show that in succeeding generations an 
important change has taken place in the percentage of heterozygotes in 
the population In the parent generation, all of the indiwduals were bet 
erozygous whereas in the first generation this was true of only 50 per cent 
of the individuals Thus we can say that after one generation of self 
fertilization, the number of individuals in the population that were ho- 
mozygous was increased by 50 per cent In this generation, one fourth o 
all individuals are now homozygous dominant ( DD ) and one fourth are 
homozygous recessive (dd) 

Now let us continue the inbreeding for more generations by self fer 
tilization Individuals of the genotype DD when self fertilized will pro- 
duce nothing but offspring of this same genotype The same is true of 
parents of genotype dd All indiuduals of genotype Dd, however, will 
produce offspring again at the genotypic ratio of 1 DD 2 Dd 1 dd In the 
second generation of inbreeding we now have the following genotypes 
600DD 400Dd 600dd Seventy five per cent of the individuals are now 
homozygous dominant and homozygous recessive Continuing this self 
fertilization we find that the homozygosity of the population produced 
increases with each generation but at a decreasing rate 

Other important points are demonstrated in this example First, note 
that in the parents the frequencies of both the D and the d genes were 
0 50 In the fourth generation the frequency of each gene was still 0 50 
showing that inbreeding did not change the frequency of the genes in the 
population If we had discarded the individuals of genotype dd or if they 
had died we would have caused a decrease in the frequency of the d 
gene Such an effect would have been due to selection, however, and not 
to inbreeding as such 

A second point to note in this example is that even though we used 
only one pair of genes all other pairs of genes that segregate mdepend 
ently are made homozygous at the same rate regardless of their pheno- 
typic effects Still a third point is that even though the rate of inbreeding 
is much slower in animals than in plants because self fertilization cannot 
take place in animals the genetic effects are still the same except homo 
zygosity increases at a slower rate depending upon the degree of relation 
ship between parents which produce inbred offspring 

CONSEQUENCES OF HOMOZYGOSITY 

The fact that inbreeding increases the number of pairs of genes that 
become homozygous regardless of the phenotypic expression of these 



FIGURE 39 Dwarf parrot-mouth lamb A hidden re- 
cessive GENE IN A HERD BROUGHT OUT BY THE MATING OF TUO 
CARRIERS OF THE RECESSIVE GENE (COURTESY OF THE UNIVER- 
SITY of Missouri.) 

genes and how many genes are involved allows us to make certain con- 
clusions regarding this important genetic effect. 

Inbreeding does not increase the number of recessive alleles in a 
population but merely brings them to light through increasing homo- 
zygosity. This is well-illustrated in Table 15, where it is shown that even 
though the frequency of homozygous recessive individuals ( dd ) increased 
markedly as inbreeding progressed, the frequency of the d gene did not 
change from the parental to the fourth generation. In other words, the 
proportion of recessive genes in the original population was the same as 
in the fourth generation, but they were hidden by being paired with a 
dominant gene. Undoubtedly , there are many hidden recessive genes in 
outbred populations. Dr. H. J. Muller 0 estimates that the human popula- 
tion now carries an average of eight hidden recessive and semidominant 
genes per person and the load may be more than this. The same situation 
probably exists in farm animals. Trogeny-test records on six bulls selected 
at random 6 showed that each was carrying from one to four detrimental 
recessive genes. 

Inbreeding or increased homorygosity does not uncover dominant 
genes. This is true because individuals that are heterozygous or homo- 
zygous dominant will both show the dominant efTcct of the gene, and in 
most cases there is little or no difference in the phenotype of individuals 
of the two genotypes. Inbreeding, however, does increase the possi- 
bility that animals carrying genes with a dominant effect will be homo- 
zygous (DD) rather than heterozygous (Dd). Since from the physiological 
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standpoint dominant genes usually have a favorable effect whereas reces- 
sive genes have an unfavorable one, culling the less desirable animals 
should result in an increase in the frequency of the dominant or favorable 
genes in the population. This is the reason that the animal breeder who 
uses inbreeding must be prepared to cull a large proportion of the less 
desirable individuals from his herd. This requires that a large number of 
animals be produced in developing a line, and for this reason it is very 
costly and not too practical in some instances. 

Inbreeding fixes characters in an inbred population through increased 
homozygosity whether or not the effects are favorable or unfavorable. For 
example, in Table 15 it was pointed out that 47 per cent of the popula- 
tion was homozygous (dd) in the fourth generation of self-fertilization. 
Inbreeding among such individuals can do nothing but produce dd off- 
spring, and as inbreeding progresses, unless selection against this genotype 
is practiced, the trait becomes fixed in a larger proportion of the in- 
dividuals in the inbred line. Many times inbreeding may increase at a 
rapid rate, and recessive genes may be fixed or made homozygous in many 
members of the line before much attention is paid to their presence. One 
inbred line of swine at the Missouri Station 1 had to be discarded because 
of the presence of a recessive gene for hemophilia that caused many in 
the line to bleed to death at castration or at farrowing time. The early 
identification of such defects in an inbred line together with rigid culling 
and a moderate rate of inbreeding are necessary to prevent the fixation of 
recessive traits in many of the members of an inbred line. Once they are 
made homozygous or are fixed in that line, the only cure is to cull known 
homozygous recessive and heterozygous individuals and their close rela- 
tives or to outbreed and introduce the more favorable allele for that 
trait. The breeder must then backcross to the original inbred line and 
try to retain the desirable traits of the original line as well as the desirable 
ones introduced by the outcross. 



FIGURE 40 This ani- 
mal IS AFFLICTED WITH 
HEMOPHILIA DUE TO AN 
AUTOSOMAL RECESSIVE 
CENE IN THE HOMOZY- 
GOUS state. Inbreeding 
UNCOVERED THIS DEFECT 
L*i A LINE OF SWINE. 

(Courtesy of the Uni- 
versity of Missouri.) 
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Since inbreeding makes more pairs of genes homozygous, the offspring 
of inbred parents are more likely to receive the same genes from their 
parents than are offspring of non-inbred parents. This means that the 
offspring are more likely to resemble the parent from which they receive 
a dominant gene, and because of this they are more likely to resemble 
each other. This is another way of saying that inbred parents are more 
likely to be prepotent than non-inbred parents, at least for traits condi- 
tioned by dominant genes. Superior inbred lines should possess more 
pairs of homozygous dominant genes than inferior inbred lines, since 
dominant genes are thought to produce more favorable effects. 


PHENOTYPIC EFFECTS OF INBREEDING 

Inbreeding if accompanied by selection may increase the phenotypic 
uniformity among animals within an inbred line for traits such as coat 
color and horns that are conditioned by genes with large monofactorial 
effects. This is not true, however, of some of the quantitative traits that 
are affected by many pairs of genes with different modes of expression. 
Many of these genes seem to act in a physiological manner upon the 
efficiency of metabolism of many chemical compounds. Studies to date, 
mostly in swine, point out rather conclusively that increased inbreeding 
or homozygosity is accompanied by a decline in those traits that are 
closely related to physical fitness. Among such traits are fertility, viability, 
and growth rate. Type and conformation may be affected to a certain 
extent, especially by the occurrence of crooked legs and less bloom shown 
in inbred animals because they are less vigorous than those which are not 
inbred. 

Inbred animals within an inbred line are more likely to be alike geno- 
typically than phenotypically for traits of economic importance. This is 
because many inbred animals are not as able to cope with their environ- 
ment as are those which are not inbred. Many pigs in highly inbred litters 
are quite variable in size and weight at 154 da>s of age, whereas pigs from 
crossbred litters may be more unifonn. The variation within inbred litters 
should be due more to environmental than to genetic causes. When 
mated to nonrelated animals, inbred animals should breed better than 
they look, whereas non-inbred animals arc often disappointing from the 
breeding standpoint because they look better than they breed. 


PHYSIOLOGICAL BASIS OF INBREEDING EFFECTS 

Little is known about the physiological basis of inbreeding effects, 
because few experiments base been designed 10 stud) this in farm ani- 
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mats Many of the adverse effects of inbreeding in other animals, hcnvever. 
are hnonn to be due to the action of recessive genes, and much is hno s 
about the physiology of their action m some instances 

lethal 


As a general rule the action of recessite genes is unfavorable to ^ the 


..ell being of the individual This vanes from those genes that are 
in the Tecessive state to those that have such a slight effect that it can 

hardly be noticed or may not be noticed at all Undoubtedly, many o t c 

adverse effects of inbreeding are due to several pairs of recessive genes, 
each of which have only a slight detnmental effect on the same trait 
Probably the action of most, if not all, such genes is through the failure 
to produce required enzymes or through the producuon of abnonna 
proteins and other compounds 

As mentioned previously, inbred animals are usually less able to cope 
with their environment than are nonmbred animals This is shown by 
greater death losses early m life the lack of the ability to reproduce 
efficiently in many instances and a slower growth rate and a smaller ma 
ture body size Similar effects are often produced by poor nutrition or 
exposure to many diseases Yet, the abo\e adverse effects are often noted 
c\en when efforts are made to supply inbred animals with rations of 
proper quantity and quality and to control infectious diseases This sug 
gests that the adverse effects of inbreeding may be due to some physiologi 
cal insufficiency and perhaps to a deficiency or lack of balance of hormones 
from the endocrine system 

Thomas Bates used inbreeding in the development of the Duchess 
family of Shorthorn cattle Of 58 Duchess cow’s 24 were barren and the 
remaining 34 produced only 110 calves during their lifetime The actual 


reason for their sterility and low fertility was not known, but it must have 
had a physiological basis and undoubtedly involved genes and the en 
docnne system 

Studies with inbred mice have shown definite differences between inbred 
lines in certain metabolic and physiological traits For instance, a study 
of four inbred strains showed a variation in the daily secretion rate of 
L-thvroxine from 3 5 micrograms per 100 grams of body weight in one 
line lo G 15 in another 2 

A study was made with inbred Peppm Menno sheep in which inbred 
animals were injected with crude pituitary extracts and the effects on 
growth rate and wool production observed 2 Tins treatment produced a 
highly significant increase in growth rate in inbred Iambs over the first 10 
weeks of age when compared with untreated inbred lambs Continued 
treatment from 10 to 23 weeks of age caused no further change in growth 
rate Differences between treated and untreated lambs in body weight 
and si/e were maintained long after the cessation of treatment The injee 
lions caused a significant increase in wool production while they were 
being given but not afterwards Similar treatments produced no detectable 
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response in non-inbred lambs. It was concluded that the effect of inbreed- 
ing may be attributed at least in part to a reduction in pituitary activity. 

Many more studies are needed in which an attempt is made to determine 
the physiological reason for adverse inbreeding effects. Such studies, al- 
though they may be costly, would be helpful in giving us a clearer under- 
standing of the normal physiology of farm animals. Studies are also needed 
to determine if nutrient requirements of inbred animals are greater than 
those which are not inbred. Studies such as these might be helpful in 
increasing the efficiency of production of inbred animals for seed stock 
purposes. 


EFFECT OF INBREEDING ON DIFFERENT KINDS 
OF GENE ACTION 

As far as the genotypes are concerned, increased homozygosity following 
inbreeding affects all independent pairs of segregating genes in the same 
way. On the other hand, increased homozygosity following inbreeding 
may have a quite different effect on the phenotype, depending upon the 
kind of gene action involved. These effects are illustrated by hypothetical 
examples in Tables 16 and 17. 

Dominance and Recessiveness 

Most geneticists agree that much of the decline in vigor which accom- 
panies inbreeding is due to the uncovering of detrimental recessive genes 
through increased homozygosity. These recessive genes are hidden by 
dominant genes in the non-inbred population. If we use a single pair of 
genes as an example and assign values to the dominant and recessive 
phenotypes as shown in Table 16, we can sec that the average values for 
the population decrease toward those of the recessive genotypes as the 
degree of homozygosity increases. We also are assuming here, of course, 
that there is no selection against the recessive genotypes. Eventually, how- 
ever, if complete homozygosity were attained, and this is not very likely, 
there would be no further decrease in the values, because there would 
be no further uncovering of recessive genes. 

In all probability, many pairs of recessive genes may affect the size anil 
vigor of plants and animals, and some may ha\c a greater effect than 
others. In spite of this, increased homozygosity of many pairs of recessive 
genes would have a similar effect to that shown in Tabic 16. 
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in Table 16. Overdominance, it will be remembered, means that the 
heterozygous genotypes are superior to either of the homozygotes. Thus, 
as inbreeding increases, there is a decrease in the number of heterozygous 
and an increase in the number of homozygous individuals in the popula- 
tion. This will result in a deterioration in a trait affected by this kind of 
gene action, unless rigid selection is practiced for the more desirable 
individuals. If we select the superior animals for breeding purposes, how- 
ever, there would be a tendency to favor those that are the most hetero- 
zygous and cull those that are more homozygous. This would result in a 
slower increase in the degree of homozygosity in the population than one 
might expect. 


Epistasis 

This type of gene action may also be responsible for the deterioration 
of a trait when inbreeding is practiced as shown m Table 17. Because 
epistasis involves the interaction of genes that are not alleles, we must use 

TABLE 27 

HYPOTHETICAL EXAMPLE SHOWING THE INFLUENCE OF INBREEDING 
OR INCREASED HOMOZYGOSITY ON EPISTATIC GENE ACTION 


Number of 
generation 

Genotypes 

Average of population 
m units 

0 


1600 AaBb 


200 

1 

li 

r 100 AABB (200) 1 
200 AABb (200) 
100 AA6& (150) 
200 AaBB (200) 
400 AaBb (200) 
200 Aabb (150) 
too aaBB (150) 
200 aaBb (150) 

. 100 aabb (150) . 


178 

2 


300 AABB (200) ' 
100 AABb (200) 
150A4&& (150) 
100 AaBB (200) 
200 AaBb (200! 

10 Aabb (150) 
200 aaBB (150) 
200 oaBb (150) 
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at least two different pairs of genes to illustrate inbreeding effects on this 
t>pe of gene action The mating of individuals of the genotype Aa 
could result in offspring of nine possible different genotypes 
The example shown in Table 17 assumes that combinations of the 
genes A and B are favorable whereas all other combinations are unfavor 
able This example shows that there is a decline in the population average 
following inbreeding if we start with parents which are completely 
heterozygous for the two genes A and B 

Under actual conditions we have no way of knowing what kinds o 
epistatic gene action affect the various traits In this example, if we selecte 
the most desirable individuals for breeding purposes and self fertilize 
them we would move toward fixing the desired combination of genes in 
the population although the progress made would be very slow From 
the theoretical standpoint developing inbred lines crossing them an 
then developing a new inbred line from the cross should be helpful in 
fixing a larger number of favorable combinations of genes with epistatic 
effects Although this seems possible it is not too probable and it is doubt 
ful that combinations of many epistatic genes with favorable effects could 
be fixed m a single inbred line 

Additive Gene Action 

In additive gene action there are no dominant or recessive genes nor 
are there interactions between the various alleles or pairs of genes In 
breeding would cause both plus and neutral genes to become more homo- 
zygous but if selection were not practiced as in the example shown in 
Table 16 there would be no decline in the trait as inbreeding increased 
Actually it seems more likely that if superior individuals were selected 
when this was the only kind of gene action involved the merit of the 
population should improve until genetic variation was exhausted. When 
this point was reached no further improvement would result 

If additive gene action were the only kind affecting the important 
economic traits in farm animals it would be possible to build superior 
purebred lines which would breed true for the important traits Unfor 
tunatcly however different traits of economic importance are affected 
by both additive and nonadditive gene action and in many instances 
both types affect the same trait Thus the development of supenor inbred 
ines is by no means simple and it is necessary to try to fix supenor genes 
m inbred lines and then cross them to get combinations of genes that wall 
give hybrid v igor or heterosis 


POSSIBLE USES OF INBREEDING 

The most important factor limiting the usefulness of inbreeding in 
livestock breeding is the decline in vigor that almost alwajs follows or 
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accompanies its use. This is doubly important, because the traits affected 
the most adversely by inbreeding are those of the greatest importance 
from the economic standpoint. In spite of these disadvantages of inbreed- 
ing, there are certain instances where it may be used to advantage in 
livestock production. 

Inbreeding may be used to determine the actual genetic worth of an 
individual. This is particularly true when a sire that can be mated to 24 
to 35 of his own daughters. As mentioned before, such a practice is advan- 
tageous because it will test for all recessive genes the sire may be carrying, 
but at the same time it should give some indication of the desirable genes 
he may possess. Such a mating system results in 25 per cent inbreeding in 
one generation and may be too extreme or severe under most conditions. 
Another disadvantage of this practice is that the male may be dead or no 
longer in service by the time the test is completed, and he may also fail 
the test at its completion. This method of testing could be used to advan- 
tage in a large herd where artificial insemination could be practiced and 
where the main objective was genetic improvement in the stock. 

Inbreeding could be used in a practical way to select against a recessive 
gene that is of economic importance. Since inbreeding brings out the 
hidden recessive genes, the homozygous recessive individuals as well as 
the heterozygotes could be identified and culled. This would require 
severe culling, however, and might be too costly under most conditions. 

Inbreeding may be used to form distinct families within a breed, espe- 
cially if selection is practiced along with it. Selection between such inbred 
families for traits of low heritability would be more effective than selec- 
tion based on individuality alone, especially if there were distinct or 
definite family differences. Family selection is more effective than individ- 
ual selection, because it tends to reduce some of the environmental varia- 
tions that breeders often mistake for those of a genetic nature. 

Inbreeding should be used only for the production of seed stock, hut 
even when the breeder uses it for this purpose, he has to determine how 
much lie can sacrifice in the way of lower production and performance 
to increase the purity of his breeding animals. This becomes more im- 
portant when we consider the fact that purchasers of breeding stock will 
pay no more, as a general rule, for inbred stock, because they do not 
recognize the value of its increased prepotency. On the contrary, the 
purchaser is more likely to discriminate against inbred sires and dams, 
because they may be smaller In size for their age, and their conformation 
may not be as desirable as that of ttorwnbrcd animals. In addition, many 
livestock producers have the mistaken opinion that inbred parents trans- 
mit less desirable genes to their offspring than those that ate not inbred. 

The most practical use of inbreeding at the present time scans to be to 
develop lines that can be used for crossing purposes, as is done for hsbrid 
seed coni. When two or more inbred lines arc found that nick well in 
crosses, they arc more likely than ate noninbred animals to do so in 
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future crosses because of their purity. The most practical use of inbreeding 
is to use inbred sires in three-line rotation crosses on crossbred females 
for commercial production. Inbred females should not be used for co 
merdal production because of their reduced performance as mothers. 

Prom the research standpoint, inbreeding is of value to determine e 
type, or types, of gene action that affects the various economic traits m 
farm animals. If inbreeding effects are very great, the trait is affected y 
nonadditive gene action. If inbreeding effects are very small or , n0 **j 
existent, the trait is affected mostly by additive gene action. As mention 
in a previous chapter, different methods of selection are required for e 
two different kinds of gene action. 


HOW TO DEVELOP INBRED LINES 

Although much more needs to be learned on this subject, there are 
certain recommendations that can be made on the basis of present in- 
formation. To develop superior inbred lines, it is imperative that the line 
be started with outstanding animals that are not carrying detrimental 
recessive genes. Progeny-tested individuals or those from superior, tested 
families are the most desirable from this standpoint. The size of the herd 
used to develop the inbred lines should be large. Possibly several sublines 
or families should first be developed and those with the greatest merit 
combined to form one or two inbred lines. In any event, the breeder must 
be prepared to cull vigorously and must inbreed slowly so those indi- 
viduals and their relatives that carry detrimental or undesirable genes 
may be identified and discarded. 
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Questions and Problems 

1. Define inbreeding. 

2. What is the main genetic effect of inbreeding and how does it affect gene 
frequencies? 

3. Explain what is meant by the statement that inbreeding produces some su- 
perior as well as inferior animals. 

4. What are the main phenotypic effects of inbreeding? 

5. Why doesn't inbreeding uncover dominant genes? 

6. Explain why inbred animals within an inbred line may be more alike geno- 
typically than phenotypically for some quantitative traits. 

7. What kinds of gene action are responsible for the detrimental effects of in- 
breeding? 

8. What are the possible physiological explanations of the detnmental effects 
of inbreeding? 

9. List some of the possible uses of inbreeding in livestock production. 

10. Explain the procedure that should be followed in developing inbred lines 
of farm animals. 

11. Why is it recommended that inbred females not be used for livestock pro- 
duction on a commercial scale? 
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How to Measure Inbreeding 

and Relationships 


Because inbreeding has such a verv 
definite genotypic and phenotypic effect on many important economic 
traits in farm animals, it is important to know how to measure the amount 
of inbreeding in a pedigree This chapter will outline methods of cal 
culating inbreeding and relationship coefficients The inbreeding coetn 
cient is a measure of the decrease in the proportion of heteroz)gous genes 
over what was present before the inbreeding was practiced 

Wright 7 developed a formula for figuring the inbreeding coefficient by 
considering the probability that gametes from the sire and dam both 
carried the same gene His formula has been modified by Lush , 4 and this 
will be discussed as a means of measuring the amount of inbreeding of 
an individual or a herd These coefficients may be calculated without 
preparing arrow diagrams of the pedigree, but the use of these diagrams 
make calculations easier, so their preparation will be discussed first 
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f(i) Prince Domino 
4996TT 


C(S) Real Prince Domino 4 
~ 1689580 


(X) Real Prince 
Domino 33d - 
2140675 


(4) Belle Domino II 5lh 
1416824 


f{l) Prince Domino 
499611 


(D) Belle Domino 113th 
1416822 


(5) Miss Wilton 
1 538057 


"(2) Domino 
264259 

(3) Lady SUnway 9th 
_ 171354 

[(1) Prince Domino 
499611 

1(6) Lady Aster 2d 
[ 677062 

f(2) Domino 
264259 

1(3} Lady Stanway 9th 
L 171354 

f(7) Beau Aster 
412145 

|(8) Lottie Wilton 
378289 


FIGURE 41 Pedigree of Real Prince Domino 33rd 

(21406751 WHICH INCLUDES LETTERS AND NUMBERS TO REPLACE 
THE NAMES OF THE ANCESTORS TO BE USED IN THE PEDIGREE IN 

Figure 42 


numbers replacing the names of individuals in the pedigree, is shown in 

Fig The next step is to begin the arrow diagram by placing the letter X on 
I he next step is g the dam D in the usual position 

a piece of paper along with the sire from s to x and trom D to 

in the pedigree. Then arrows shou , his is done, 

X, with the arrows pomung. oX £ shown .n^ ^ A commQn 

the first common anceslor m th p F nnJ (he sir( , s pedigree . Now 

ancestor is one that appears m hot ^ , he sire . with the arrows 

draw arrows from the commo a fo ( ^ dam „ other individ uals 

pointing toward the sire. Do the ^ sire Qr dam they must he 

are between the common ances d position. The completed 

^ A .. — 1 » 


FIGURE 42 Pedigree 
of Real Prince Domino 
3 3rd (2140675). *mi 

LETTERS AND NUMBERS 
RET LA CISC THE NAMES 
OF JUS ANCESTORS 
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through the dam. 


CALCULATING INBREEDING COEFFICIENTS 

The formula for calculating inbreeding coefficients is as follows: 

F* - \ 2 [(*)•(! 4- F.)], 

where 

F, refers to the inbreeding coefficient of individual X, 

2 is the Greek symbol mea n i n g to sum or add all paths, 
n is the power to which one-half must be raised, depending upon the number o 
arrows connecting the sin and dam through the common ancestor, 

F« is the inbreeding coefficient of the common ancestor. 


If the common ancestor is not inbred, the formula to use in calculating 
the inbreeding coefficient becomes: 

F, = | 2 [(«*] 

Our first examples will involve calculating inbreeding coefficients for 
different lunds of matings in which the common ancestor is not inbred; 
thus the shorter formula will be used. 


Half-si® Matings 

The following pedigree and arrow diagram show a half-sib mating, the 
sire and the dam of individual X having had the same sire (C). The only 
common ancestor in this pedigree is individual C, because he appears in 
the pedigree of both the sire and the dam of individual X. The arrow 
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Pedigree Arrow diagram 


diagram shows that there is only one pathway from C to X through the 
sire and only one through the dam. This pathway may now be straight- 
ened out for illustrative purposes, and it becomes 


X 


X. 


sire and dam with the common ancestor is tvo a "d « ‘he « m ' the 

formula. Our calculation of the inbreeding coefficient now proceeds by 

letting 

Ft = or 4(0.25), or 0.125. 


The inbreeding coefficient of individual X. 
be expressed as 12.5 per cent by multiplying 
100 . 


then, is 0.125, and this can 
the inbreeding coefficient by 


Full-sib Matings 

. . , - _ inbreedinc coefficient for a full-sib 

The method for ealeu a 5 [or h3 if. 5 ib matings, except that 

matmg is very’ similar to that _des ar( . |nvolved . The following 

an additional path and c ° m ™ how a i cu ia t ions are made for such 

pedigrec-and-arrow diagram illustra 

a mating: 
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Pedigree Arrow diagram 


The two pathways are 

A' — S«-i- » X = (!)* = 0.25 

X< >A= a? = 0.25 

Totals 0.50 

The inbreeding coefficient of individual X is one-half of the sum of these 
two paths, or F x = \ (0.50) = 0 250, or 25 per cent inbreeding. Note that 
in this last pedigree there are two common ancestors (C and F). We merely 
calculate the figure for all of the pathways, which totals two in this 
pedigree, from the common ancestors, as denoted by the arrow diagram, 
and then add or sum all paths, as 2, indicates Then, when all are added, 
we take one half of the total to get the inbreeding coefficient. 


Sire x Daughter Matings 

The inbreeding coefficient is calculated for parent X offspring matings 
in the same manner as for half and full sibs with only slight variations 
The following is a pedigree of an individual from a mating of a sire to 
his own daughter. The inbreeding coefficient from such a mating is 0 2a, 
prosiding the sire himself is not inbred 




Pedigree 



Arrow diagram 
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The pathway is 




>D >A'= (l) 1 = 0.50. 


Thus F = 4 (0.50), or 0.25, or 25 per cent inbreeding. 

Inbreeding coefficients for dam X son matings are calculated m a 
similar manner, except the arrow diagrams run from the dam as the 
common ancestor. 


Sire x Daughter Mating with the Sire Inbred 

The following pedigree is one in which a sire X daughter mating is 
made? but the fire himself is inbred. The first step in calculating the 



inbreeding coefficient for such an individual is to complete the arrow 

diagram as shown. pedigree, of course, is individual S, 

The first common anccs o m this P<* ^ mjg|u , l|lat 

which is the sire of individuals • h ‘ as A lK c> am l £? Tlie 

to do about the oOier common individuals b> first calculating 

answer to this is that we ,. or thc s irc. as was done in the 

the inbreeding “efficient M -nd dj^ ^ mn ,;nRS. After this is done, 
previous example for full brotnc im , hM „ a i D. which is just one in 

for each path going from mdiv . plus ,„c inbreeding 

this case, we multiply the path b) (1 + '.)• or I 
^itf.dfuladontf'lhe inbreetling coefficient for individual 5 is a, 
follows: 
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S< — A*^— C-Z-rB — *£ = (i ) 1 = 0.250 

S*-A*±-E-?->B — >^=ftV = 0-250 
Total 0.500 

The inbreeding coefficient of individual 5, or F„ would be \ (0.500), or 
0.250, or 25 per cent. We now proceed to calculate the inbreeding coeffi- 
cient (F g ) of individual X. Only one pathway is involved, and this is 

X< — S-J-.B . X = (})’, or 0.50. 

Since individual 5, which is the common ancestor, is inbred, we must use 
the complete formula as given earlier. The computations then are F M = 
\ [0.50 (1.25)] = * (0.625), or 0.3125. Thus, individual X is 31.25 per cent 
inbred. 


COEFFICIENTS OF RELATIONSHIP 

The coefficient of relationship between two individuals is an expression 
of the probability that they possess duplicate genes, because of their 
common line of descent, over and above those found in the base popula- 
tion. It is evident that an increase in inbreeding causes the relationship 
of individuals within an inbred line to increase. On the other hand, it is 
possible for two different inbred lines to be inbred the same amount but 
still not be related. For example, individuals in a Landrace line of hogs 
might be inbred 25 per cent and in a Poland line a similar amount. They 
do not have duplicate genes in common because of their common descent, 
although they do possess some of the same genes because they belong to 
the same spedes. 

It is often of practical importance to know something about the degree 
ofrelauonship between two individuals. For instance, an animal may be 
offered for sale that has a pedigree similar to that of another animal that 

^u lCT a * anmher sale for a hi gh Price, and the breeder wants to 
know the maximum that he should bid for this animal Or. he may have a 
U ^ 5 ** C at P^ vate treaty and would like to use the situation described 
of value ° r * mtance when relationship coeffidents might be 

"I' l raa y have the chance to buy two 

Dri« and th.lu” ^ sb °™. «“ 1 >'nt type and cotnes a. a high asking 
extent to W " r ,° whlcil IS lacking in some one point but not to the 
S^aent ot?M ‘ S animal '"tirely. II they have a high 

the breeder’* herd *, lp ' one *’°uld probably perform just as well in 
P oducfaT ^ r l ' H ' ““M purchase the cheaper animal and 
produce as good stock noth i, as with the one which was more expensive. 
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From the theoretical standpoint, relationships could have another use 
for the livestock, breeder. For traits such as carcass quality that cannot be 
measured very well until after the death of the individual, the slaughter 
of a relative should give some indication of the carcass quality of the 
individual in question. The value of the relative in this respect would 
be proportional to the degree the two individuals were related. A full 
brother or sister would be worth more than a half sister or brother in this 
respect. Full brothers and sisters within an inbred line would also be 
more closely related than would be full brothers and sisters which are not 
inbred. Relationship coefficients would give a good indication of the 
value of records of relatives from this standpoint. 

Relationships are of two different kinds. One is collateral relatives, 
that is, those not related as ancestors or descendants; the other is direct 
relation, that is, ancestors or descendants. The two kinds will be dis- 
cussed separately. 


Relationship Coefficients between Collateral Relatives 

Methods of calculating relationships are very similar to those used for 
calculating inbreeding coefficients, and arrow diagrams are of value in 
this respect. The formula is as follows; 

P ^ ±M L w^ 

** V(1 + F*)(l +>,) 

where 

h the relationship coefficient between animals X and Y y 
2 is the Greek symbol meaning to sum or add, 

n is the number of arrows connecting individual X with Y through the com- 
mon ancestor for each path, 

Ft is the inbreeding coefficient of animal X, 

F v is the inbreeding coefficient of animal Y, 

F a is the inbreeding coefficient of the common ancestor. 

If individuals X and Y and their common ancestor are not inbred, the 
formula becomes: 

Rry - 2 [(*)»]. 

The following is an example in which the relationship coefficient be- 
tween half brothers and half sisters is calculated. In this example, we 
shall let individual X be the male and individual 5 * the female, although 
relationship coefficients may be calculated for animals of the same sex. 
Since none of the individuals involved arc inbred, we can use the simple 
form of the formula for calculating the relationship coefficient. 
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//I 

% 



y 

Y<Z 

Y 


Pedigree 

Arrow diagram 

Pathway 


The relationship coefficient between individuals X and Y, or .R^,, is m 
or 0250 This means that these two individuals are related by about 2 d 
per cent, or they probably have an increase in this percentage of duplicate 
genes over that found in the base or non inbred population 

The calculation of the relationship coefficient between full brothers 
and sisters is similar to the above example, except that there are two 
common ancestors in such a case, and there are two pathways of ge ne 
flow The calculation of the coefficient of relationship is as follows 



Pedigree 



xJl. a J^y= (*)’ = 0250 

x.J— b-L* r o ttv = 0250 
Totals o 500 

Arrow diagram 

Pathways 


The relationship coefficient for individuals X and Y in this example is 
0 50 


Relationship Coefficient for the Sire and Dam 
of Real Prince Domino 33rd 

The following is the arrow diagram made from the pedigree of this 
Hereford bull, as shown in Figure 43 


X 



Real Pnnce Domino (S) his sire, is inbred, so we must first calculate his 
inbreeding coefficient which would be 0 250, since he was from a mating 
f rnnee Domino (1) to one of his own daughters (4) Belle Domino 1 15th 
ste P 11 to t ‘ lc number of paths through the common an 
t r (1) connecting the sire S and the dam D These would be. 
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= (iY = 0.1250 

s , — 1 i-L>p = qy = 0,2500 

Totals 0.3750 

The remaining calculations would be 

_ 0.3750 = 0.3750 = 0.3750 = Q 3y 

R,i ~ V\ + 0 25 X 1 + 0 VT25 1-1180 

or the relationship between S and D would be 33.5 per cent. 


DIRECT RELATIONSHIPS 


Many times it is of interest to know something about the relationship 
between an individual and some outstanding ancestor in the pedigree. 
This is of particular value when linebreeding has been practiced although 
die same procedure may be used for calculating die degree of relationship 
to any particular ancestor. The formula used is. 


R„ = 2 (i)“ 


K±E 

Vl +F, 


In this formula, of course, when neither of the individua s 
inbred, the figures under the square root sign will be equa 
can be disregarded. For example, the following ' s used 

the relationship between a sire (S) and his daughter (D). 


involved is 
to one and 
to calculate 



s—*d = s-!-*d= (})> = 0.500 


Arrow Relationship 

diagram Pathway coefficient 


r „, - 

tween Real Prince Domino 33d (.\) - calculate the 

the arrow diagram shown previous^ Tiie,^.^ ^ ^ ^ 

inbreeding of Prince Domino (1). “ * 
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breeding Next, we calculate the inbreeding coefficient o£ Real Pnnce 
Domino 33d which is, 



Totals 


X » (i)* = 0 1250 
X = qy = 0 2500 
"o 3750 


The inbreeding coefficient is J X 0 3750. or 0 1875 

The third step is to list all paths connecting Real Prince Domino 33d ( ) 
with Prince Domino (1), which are. 


X-±>S-?* 4-1*1 =(»* = 01250 

X-Ls 1 . 1 = («> =. 0 2500 

X-^D .1 = («»° 0 2500 

Totals 0 6250 

The figure 0 6250 expresses the probable proportion of genes individual X 
inherited from ancestor 1 The final relationship coefficient is calculate 
from 

*» - 0 6250 v|rH&i - 0 6250 - 0 6250 x vmri 

= 0 6250 X 0 9177 - 0 5736 

This coefficient represents the probability that individuals X and 1 will 
have duplicate genes which were unlike m the base or non inbred popula 
tion 


COVARIANCE TABLES IOR MEASURING 
INBREEDING COEFFICIENTS 

In some herds such as experimental herds where inbreeding is being 
practiced, covariance charts for all animals within the inbred line may be 
calculated m the earl) stages of the development of the inbred line Once 
these are established, n is fairly simple and rapid to calculate inbreeding 
coefficients for different individuals’ 

To illustrate the calculation of covariance charts, let us use the follow 
mg pedigree for individual Z which is given in the form of an arrow 
diagram The first step is to list all animals m the order of their birth and 
also the parents of each individual, as is done m Table 18 
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Note that this pedigree does not list the parents of individuals A or J D, 
because they are not inbred. One parent (individual A) is shown for both 
B and C. Both parents are shown for individuals X and Y, because they 
are involved in the inbreeding of individual Z. The component for any 
covariance cell in Table 18 between any two individuals is one-half of 
the components of the parents of that individual. For instance, the co- 
variance for A and B is (1 -f- 0) = 0.50. Other components are calculated 


For A and 
For B and 

For B and 
For A" and 
For A' and 


D it is 0, because the parents are not related. 


T, it is cov 


Rbd 4~ cov Rbc 


0 + 0.25 


= 0.125. 


Z, it is cov 


Rbx 4- COV RbY 


0.50 + 0.125 


: 0.3125. 


Y , it is cov 


Rxd + cov Rxc 


0.50 -f- 0.125 


= 0.3125. 


„ . . Rxx 4* cov Rxy 
Z t it is cov 2 


1.00 4 0.3125 


= 0.6563. 


TABLE 18 

COVARIANCE CHART CONSTRUCTED FOR INDIVIDUALS IN THE PEDIGREE 
OF INDIVIDUAL Z 


Sire 


A 

A 


D 

D 

X 

Dam 





B 

c 

Y 

Individuals 

A 

B 

C 

D 

X 

Y 

Z 

A 

1.000 

0.500 

0.500 

0 

0.250 

0.250 

0.250 

B 


1.000 

0.250 

0 

0.500 

0.125 

0.313 

c 

3.000 

0 

0.325 

0.500 

0.333 


1.000 

0.500 

0.500 

0.500 

X 

1.000 

0.313 

0.656 

r 

1.000 

0.656 


1.156 


Note- The Inbreeding coefficient for Individual Z. for example. U one-b»Jf the coefficient 
of relationahlp of the parent* (0J13). or 0.16*3. 
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TABLE 19 


COVARIANCE CHART FOR INDIVIDUALS IN AN 
INBRED LINE OF DUROC SWINE 


Sire 

El 

d 

El 

IB 

m 

m 

SB 

EB 



303 

Dam 

EX 

EX 

EB 

EB 

m 

m 

m 

m 

E3 

IE3 

144 

Individuals 



mu 



jfjE 

m 


m 

m 

5? 

303^ 

FTIv 

n 

n 

D 

D 

m 





0 500 

43$ 


tis 

CEI 


D 

~n 

fIFH 




0 

47? 




K3 

— 




0 

0 

49? 



■3 

■X 



(222 

0 

0 


fEE 

in 

in 

in 

■a 

rrm 

0 

144? 

IB 

m 

0 

0 

0 

0 500 



'33 


tm 

m 





irrra 

\m 

\ffm 

3? 



ifeb 




n 



|l 000 


Note The inbreeding of the offspring out of any one male and female In this chart would 
be one half of the covariance component For example offspring from a mating 
between male 1 and female 2 would be one half of 0 375 or 0 1875 


All diagonal cells in the covanance chart are calculated from 1 + F«. 
where T, is equal to one half of the covariance between the parents of an 
individual Thus the inbreeding coefficient ol individual Z would he one 
halt ol the covanance between individuals X and Y, or one-half of 0 S125, 
or 0 15626 The diagonal component for individual Z then becomes 1 0 + 
0 15625 

11 no inbreeding is involved the coefficient of relationship may be read 
directly from the charts or the oil-diagonal cells If inbreeding is involved 
corrections must be made lor inbreeding by using the formula. 


S (»•(! + F. 1 


For example the relationship coefficient for 
corrected lor the inbreeding ol Z as follows 


Y and Z would have to be 


v 10 + 0 Vl + 0 1563 1 075 0 610 
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For further illustration, let us use data from an inbred line of Duroc 
swine maintained at the Missouri Agricultural Experiment Station. Boar 
303 and sows 43, 47, 49, 136, and 144 will be used in this example. None 
of the original stock was inbred or related, except sows 43, 47, and 49, 
which were littermates. The covariance chart for offspring of the five 
sows bred to boar 303 is given in Table 19. The inbreeding of any off- 
spring from male 1 mated to either females 2, 3, 4, or 5 could be calculated 
by taking one-half of the covariance component from the off-diagonal 
cells. The relation coefficients and inbreeding coefficients among de- 
scendants of the original stock would be easily calculated by extending 
the covariance chart. In doing this, however, the covariance components 
for any two individuals should be corrected for inbreeding as described 
previously. 


OTHER METHODS OF ESTIMATING HOMOZYGOSITY 
IN A POPULATION 

Blood types in animals have received some attention from research 
workers as a possible means of estimating the degree of homozygosity 
within certain inbred lines. The B blood group system is of considerable 
interest in this respect, because a very large number of alleles is known to 
be present at this locus on the chromosomes. 5 If a high degree of inbreed- 
ing is involved, there should be a reduction in the number of alleles in 
this group found in an inbred line. 

Blood antigen studies were made at the Colorado Experiment Station 
in the formative years of the development of inbred lines of beef cattle. 0 
It was found that the incidence of certain antigens was high in some lines 
but almost totally absent in others. The rate of disappearance of the anti- 
gens from the inbred lines was faster than the predicted rate, based on 
the loss of heterozygosity estimated by means or Wright’s inbreeding 
formula. 

In a study with poultry, 2 it was found that the number of alleles at the 
B locus was reduced to two when inbreeding was GG per cent or more. On 
the other hand, up to eight alleles were present in non-inbred populations. 

It is possible that inherited characteristics other than blood types may 
be used to estimate the degree of homozygosity of individuals \% itliin a 
line or strain, but little research has been done along this line. It has 
been suggested that nipple numbers in swine might give a rough estimate 
of the homozygosity within an inbred line, although this trait is appar- 
ently affected by several pairs of genes some of which have an additive 
and some a nonadditivc action. 1 It seems very unlikely that environment 
would have much influence on nipple numbers in swine, and so the 
satiations observed must be largely due to heredity. That individuals 
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within some inbred lines do vary less in nipple numbers than those in 
other lines was shown by a coefficient of variation of 5.70 per cent in 
inbred Landrace line as compared to 8.22 per cent in another line ot 
inbred Polands. No study was made of changes in variation m mpp 
numbers as inbreeding increased. 
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Questions and Problems 

1. Explain what is meant by an inbreeding coefficient. 

2. Explain what is meant by a relauonship coefficient. 

3. O! what use are inbreeding and relauonship coefficients? 

4 Compute the inbreeding coefficients for individuals X and Y in the following 
pedigrees. 



5 Compute the relauonship coefficients for individuals X and Y in the above 
peaigreei 

6. "7m ii the tehuomhip between individual! Y and F in the lecond pedigree! 




Linebreeding 


Linebreeding is a system of mating 
in which the relationship of an individual, or individuals, is kept as close 
as possible to some ancestor in the pedigree The ancestor is usually a 
male rather than a female, because a male generally produces many more 
descendants than a female, and this allows a greater opportunity to prove 
his merit by means of a progeny test 


ILLUSTRATION OF LINEBREEDING 

Pedigree 1 in Figure 44 illustrates systematic lmebreeding This is a 
hypothetical pedigree, with letters and numbers used in place of names 
to simplify the example Only one ancestor in this pedigree is responsible 
for the rehtwnshtp between the sire nnd the dam of mdnjdual A This 
is ancestor 5 We have purposely placed him in this pedigree as the only 
greatgrandfather of individual X The arrow diagram shows that in 
dividual X traces by four separate lines to lus ancestor 5 This is why it 
is called lmebreeding If lmebreeding or inbreeding had not been prac- 
ticed, there would lia\e been only one line involved In tins pedigree, 
individual X probably received about 50 per cent of lus inheritance from 
ancestor 5 This is approximate!) as much as an individual usually re- 
ceives from a parent If lmebreeding had not been practiced, individual X 
would have received onl) about 12 5 per cent of lus inheritance from 
individual 5 

An actual pedigree of Real Prince Domino 13th, a Hereford bull, to 
gether with an arrow diagram of this pedigree is given in Figures 45 and 
46 Since Real Prince Domino 13th traces by several paths to Prince 
Domino, we would sa) that he is hnebred to Prince Domino He also 
traces by two paths to Beau Aster, but apparently no great attempt has 
been made to keep the relationship high to this ancestor, whereas it is 
obvious that a deliberate attempt has been made to do so as far a* Prince 
Domino is concerned 
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PEDIGREES AND ARROW DIAGRAMS OF THE PEDIGREES WHICH ILLUSTRATE SOME DIFFERENT 
SYSTEMS OF LINEBREEDING 

So of Inbreeding % inher Relationship 

pedigree Pedigree Arrow diagram coefficient front 5* coefficient 
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Several different procedures for linebreeding may be followed, but they 
must be planned in advance. Some of these systems are illustrated in 
Figure 44. In pedigree 1, half-sib matings have been made in the pedigrees 
of the sire (S) and the dam (. D ), with four individuals being used in that 
mating that are half sibs. In pedigree 2, half-sib matings were used to 
produce the sire but not the dam, but the sire of the dam ( D ) is a half 
brother of the parents of the sire of individual X. In pedigree 3, the sire 
and dam of X are related only because their sires were half brothers. In 
these examples, the relationship between X and 5 becomes less and less 
as the number of paths connecting them decreases. Individual X is not 
highly inbred in any of these three pedigrees. Even in pedigree 1, where 
it seems to be high, it is only 0.125. 

Pedigree 4 in Figure 44 illustrates linebreeding to ancestor 5 through a 
single son, individual 1. The relationship of X and its ancestor 5 in this 
pedigree is about the same as it was in pedigree 1. For this reason, there 
would be an advantage of only one son of ancestor 5 being required in 
this pedigree, whereas in pedigree 1, two sons were required. The disad- 
vantage of the system illustrated in pedigree 4 is that the inbreeding 
coefficient of individual X would be about 0.22, or considerably higher 


(S) Real Prince 
Domino 33d 
2140675 


(X) Real Prince 1 
Domino 13th < 
2456904 I 


1 (D) Left a Domlrva 
3 SB 44 6 1 


(1) Real Prince 
Domino 
1689580 


(2) Belle Domino 
113th 
1416822 


(3) Prince Domino 
«2d 

1633207 


(4) Belle Domino 
144th 
1(33214 


(5) Prince Domino 
499611 

ft 10) Domino 264239 

gll ) Lady Stanway 9th 171354 

(6) Belle Domino 

11 5th 
1416824 

ft 5) Prince Domino 499811 
]p2) Lady Aster 2d 677062 

1(5) Prince Domino 
— 

ft 10) Domino 264259 
[pi) Lady Sunway 9th 171354 

1(7) Miss WUton 
\_ 538057 

ft 13) Beau Aster 412145 
|p4) Lottie Wilton 378289 

(5) Prince Domino 
4S9611 

ftlO) Domino 264233 
[pi) lady Sunny 9th 171354 

(B) Belle Domino 

48 th 

1212642 

[( 5) Prlnee Domtno 493811 
[(13) Faftcy Aster 802740 

ft 51 Prince Dnrelno 
— — 

[iftO) Domtno 264259 

[(H) Udy Stanmty *th 171234 

|(S) 141 y 
[ >024)3 

'(13) Hex Aster 412143 
(It) TedJy-s Uly 2«TTM 


FIGURE Yj Prwcsrr or Rtm. pwscr Domino I$n«, 
sifoBisc usmmiivc to PjtrNcr Domino. 
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FIGURE 46 Arrow diagram of the pedigree of Real 
Prince Domino 13th siiowinc intense linebreeding to 
Prince Domino and very mild linebreeding to Beau 
Aster. 

than in pedigree 1. Since the inbreeding coefficient would be higher, the 
offspring might be less vigorous and more recessive genetic defects might 
appear in the offspring in this pedigree than in pedigree 1. 

Pedigree 5 in Figure 44 is a system of linebreeding in which a sire is 
mated to two successive generations of his own daughters. Such a system 
would certainly result in a high relationship between individual X and 
ancestor S, but the inbreeding coefficient would be high, which might be 


FIGURE 47 Arrow diacram of the pedigree of Domino 

SHOWING THE SYSTEM OF LINEBREEDING AS USED BY GUDGELL 

and Simpson 
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undesirable. This system illustrates a situation in which linebreeding 
could be practiced while the ancestor to which linebreeding was directed 
was still alive, whereas the other systems would more likely be used after 
the ancestor was dead. 

Linebreeding to a single ancestor cannot be carried on for many genera- 
tions without recurrent linebreeding through a descendant, as illustrated 
in pedigree 4. The arrow diagram of the extended pedigree of Domino 
given in Figure 47 shows the system used by Gudgell and Simpson, early 
American breeders of Hereford cattle, in which there was linebreeding to 
several different ancestors, with a blending of the inheritance of these to 
produce this particular individual. 


COMPARISON BETWEEN ORDINARY INBREEDING 
AND LINEBREEDING 

Inbreeding is a system of mating in which offspring are produced by 
parents that are more closely related than the mean of the population 
from which they come. This definition also applies to linebreeding, be- 
cause linebreeding is a special form of inbreeding. However, in linebreed- 
ing, as defined earlier in this chapter, the relationship of an individual is 
kept close to a particular ancestor. 

Inbreeding other than linebreeding is a system of mating in which 
related parents are mated with no particular attempt to increase the 
relationship of the offspring to any one particular ancestor in the pedi- 
gree. This concept is illustrated in Figure 48. A comparison of this pedi* 

FIGURE 48 This hypothetical pedigree and its arrow 

DIAGRAM ILLUSTRATE A FORM OF INBREEDING THAT IS NOT LINE- 
BREEDING BECAUSE FOUR DIFFERENT COMMON ANCESTORS (5,G,7, 
AND 8) ARE RESPONSIBLE FOR THE RELATIONSHIP BETWEEN THE 
SIRE (S) AND THE DAM (D). INDIVIDUAL (X) HAS AN INBREED- 
INC COEFFICIENT OF .125, AND THE PROBABLE AMOUNT OF 
INHERITANCE RECEIVED BY X FROM ANY ONE OF THE COMMON 
ANCESTORS IS 12.5 PER CENT. 
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gree with pedigree 1 in Figure 44 illustrates the basic difference between 
linebreeding and ordinary inbreeding. The arrow diagram of the ped g 
in Figure 48 shows that four different ancestors are responsible tor tne 
inbreeding of individual X. The inbreeding coefficient of X in Figure 48 
is also 0.125 as in pedigree 1 in Figure 44, but the inheritance receive y 
individual X from any one ancestor is only about 12.5 per cent. Thus, in 
the mating system illustrated in Figure 48, no attempt was made to con- 


centrate the inheritance of any one ancestor. 

The genetic effects of linebreeding are the same as those of inbreeding 
explained in Chapter 17. Thus, linebreeding tends to make pairs of genes 
carried in the heterozygous condition in the ancestor more homozygous 
in the linebred offspring. In addition, linebreeding increases the pro 
ability that the linebred offspring will possess the same genes as the an- 
cestor to which linebreeding is directed. If the ancestor possessed many 
desirable genes, the offspring are more likely to possess these same desir- 
able genes. If he possessed detrimental recessive genes in the heterozygous 
state, the offspring are more likely to possess them. Linebreeding will 
bring some of these recessive genes together in the homozygous state m 
some of the offspring. This serves to emphasize the importance of line- 
breeding to an ancestor that is superior genetically and carries a minimum 
of detrimental recessive genes. Accurate and adequate progeny tests help 
to identify such individuals. 

When ordinary inbreeding is practiced, the relationship between the 
sire and dam often depends upon several common ancestors. It is evident 
that it is more difficult to distinguish three or four genetically superior 
ancestors than it is to distinguish one A larger number of ancestors in- 
creases the probability of a wider variety of homozygous detrimental re- 
cessive genes appearing in the offspring when inbreeding is practiced. 


WHY breeders favor linebreeding over inbreeding 


Linebreeding is often looked upon with favor by breeders, but inbreed- 
ing is not, probably because linebreeding is usually not so intense, and 
when it is used, the inheritance of truly outstanding individuals is con- 
centrated in the pedigree Perhaps, also, the name of some great show 
animal in the pedigree has caused breeders to remember the superior 
individuals produced by linebreeding and to overlook others which were 
less superior. 


Although when linebreeding is practiced, inbreeding is usually not 
intense, it can be if a linebteeding system such as that illustrated in 
pedigree 5 in Figure 44 is used, where a male is mated to his own 
a . Uh e generation of such a mating would result in an 

in re ing coefficient of 0-25, which is intense enough to cause a decline 
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m the vigor of the offspring produced and an appearance of genetic 
defects Two instances in which Prince Domino was mated to his own 
daughters is shown in the pedigree of Real Prince Domino I3th in 
Figure 45 

As a general rule, a sire is not mated to his own daughters when line 
breeding is practiced but half sib matings are made among the offspring 
of this particular sire Perhaps this is done because the breeder wants to 
avoid intense inbreeding or because he has not yet recognized the out 
standing merit of the ancestor in question On the other hand there 
may be no great need for linebreeding at that stage, since the offspring 
of a parent are related to that parent by about 50 per cent 

Linebreeding is often used after the death of the ancestor or when it 
is no longer available for breeding purposes Then the half sib matings 
would be the closest possible matings in a linebreeding program Full sib 
matings would be possible in litter bearing animals such as swine but 
this would be no more effective at least at the beginning of the line 
breeding program, than half sib matings in increasing the relationship to 
one particular ancestor in the pedigree The disadvantage of full sib mat 
ings would be that the inbreeding coefficient of the first generation would 
be 0 25, as compared to 0 125 in the half sib matings and there would be 
a possibility of the offspring getting detrimental recessne genes from at 
least two common ancestors instead of from one ancestor 


LINEBREEDING IN THE PAST 

Linebreeding was used extensively in the de\e!opment of the British 
breeds or cattle, such as the Angus Herefords and Shorthorns This s ys 
tem was also used by the King Ranch in Texas in the dc\elopment of the 
Santa Gertrudis breed of cattle Mr Gentry of Sedalia Missouri, who 
was a successful breeder of Berkshire hogs in the early 1900 s made use 
of this system of breeding in producing man) show ring winners 

Linebreeding and inbreeding were used to a great extent b) earl) 
breeders of Hereford cattle in England Benjamin Tomkins and his son 
in the 1700s used such a s)stem of fnating to improve their cattle as did 
William and John Hewer 10 obtain the desired color and tjpe Lord 
Berwick another notable carl) breeder of Herefords in England, im 
proved his herd b) purchasing .and using the bull. Sir David (319) He v\ as 
probabl) the greatest show bull of his da) and was from an accidental 
mating of a cow to her own sire 

Earl) breeders of Herefords in the United States also used linebreeding 
and inbreeding to improve their cattle One of the most famous of the 
herds winch followed this course was that founded b) Gudgcll and Simp- 
son, at Independence. Missouri The) imported foundation cattle from 
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England, and among the imports were the bulls. Anxiety 4th and North 
Pole They tried outbreeding at first but apparentlywere PP 
the results, for they later turned to hnebreedmg They concentrated and 
blended the inheritance of Anxiety 4th and North Pole to eve P ^ 
of the most outstanding herds in the United States The d 

Dom.no m Figure 47 shows the system of breeding used by Gudgell an ^ 
Simpson Actually, this pedigree shows that Domino was hnl *" d ‘ 
different ancestors, Anxiety 4th, North Pole, and Dowager 6th, receiving 
a probable 20 to 24 per cent of his inheritance from each of them 
though it would appear that Domino was very highly inbred, the in 
mg coefficient calculated from this pedigree is only about 0 17. 


WHEN TO LINEBREED 

Lmebreeding should be used only in a purebred population of a high 
degree of excellence Its use is indicated when some truly outstanding 
individual has been identified and proved by an adequate progeny test 
If such an individual is still living and available for breeding purposes, it 
seems more desirable to use him on females which are not related to him, 
since all of his offspring from such a mating will receive about 50 per 
cent of their inheritance from him anyway If he is mated to his own 
daughters, the relationship coefficient between him and the offspring vm 
be about 0 67 The inbreeding coefficient for the offspring will be 0 25 and 
high enough to increase the probability of a decline in vigor and the 
appearance of genetic defects 

Linebreeding is probably most useful when the outstanding individual 
is dead or not available for breeding purposes One of the systems of 
hnebreedmg illustrated in Figure 44 could be used with the main objec 
me of concentrating the genes of that ancestor in the herd or flock This 
requires a planned, systematic mating system If practiced for a long 
period of time, linebreeding sooner or later must be directed through one 
or more of the ancestors sons or other descendants, as illustrated m 
pedigree 4 in Figure 44 

Linebreeding to a particular outstanding male may be practiced by a 
breeder who does not own the male or cannot purchase him If he can 
purchase one or more high-quality sons of the admired sire, this would 
allow the practice of hnebreedmg to increase the relationship between 
the young produced and that particular sire 

A word of caution about hnebreedmg is appropriate It will be most 
successful when used by breeders who recognize its potentialities and its 
limitations and by those who have made a detailed study of the principles 
of breeding Even in these instances, success will depend upon the breed 
ers ability to find and recognize individuals of outstanding merit Never 
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theless, we probably could make more use of this system than we have 

been making m the past few years 

Questions and Problems 

1 Define linebreeding 

2 Explain the mam differences between inbreeding and hnebreeding 

3 What are the mam genetic effects of hnebreeding? 

4 Explain why breeders often look upon hnebreeding with favor but avoid in 
breeding 

5 Outline a system of linebreeding m which you would hnebreed to a male you 
do not own or is now dead Explain why you might use this system in prefer 
ence to others which could be used 

6 What are some limitations for the use of hnebreeding? 

7 When should hnebreeding be used? 

8 In your opinion, was Prince Domino a carrier of the dwarf gene? Explain 
why you gave this answer 
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Crossbreeding is the mating of am 
mats of two or more different breeds Outbreeding is the mating of un 
related animals within a breed Although crossbreeding is more extreme 
than outbreeding the genetic effects of both are similar 

GENOTYPIC AND PHENOTYPIC EFFECTS OF OUTBREEDING 
AND CROSSBREEDING 

The genetic effects of outbreeding and crossbreeding are exactly 
opposite or those of inbreeding Whereas inbreeding tends to make more 
pairs of genes homozygous, outbreeding and crossbreeding tend to m 
crease heterozygosity for all of the pairs of genes when the parents possess 
different alleles For instance if breed one is homozygous dominant ana 
breed two is homozygous recessive for a particular gene pair, all of the 
offspring from a cross of animals of these two breeds will be heterozygous 
For breeds and lines that are homozygous for a given trait, the maximum 
amount of heterozygosity is attained in the F t With the segregation of 
the genes in later generations heterozygosity diminishes 

These same statements also apply when more than one pair of genes 
affect a particular trait, so that varying degrees of heterozygosity are ex 
pressed, thus we may speak of an animal as being more, or less, heterozy 
gous than another for a particular trait 

Outbred or crossbred animals are less likely to breed true than are 
inbred animals This is due to heterozygosity and means that they are 
less likely to transmit the same genes to all of their offspring This may 
be illustrated by the following example A male of genotype AABBCCDD 
produces spermatozoa all of which carry genes ABCD to their offspring 
A male of genotype AaBbCcDd, however, may produce 16 different kinds 
of spermatozoa witfi respect to gene combinations and will not breed as 
198 
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true as the individual that is homozygous for these four gene pairs. Out- 
breeding and crossbreeding result in an increased uniformity in pheno- 
type within the Iq generation as far as some of the quantitative traits are 
concerned because of heterozygosity. 


HYBRID VIGOR OR HETEROSIS 

Heterosis, or hybrid vigor, is the name given to the increased vigor of 
the offspring over that of the parents when unrelated individuals are 
mated. Hybrid vigor includes more than just hardiness. It includes greater 
viability, a faster growth rate, greater milk producing ability and fertility. 
This phenomenon has been known for many years. The best known ex- 
ample in animals is the mule, which is noted for its ability to withstand 
hot weather and hard work. It is the hybrid resulting from a cross 
between the male ass and the mare. The offspring of the reciprocal cross, 
called the hinny or jennet, are also hardy but fewer of such crosses are 
made because of the scarcity of female asses and because the hybrids are 
usually smaller than the mule. 

The production of hybrid seed corn by developing inbred lines and 
then crossing them is probably the most important attempt man has made 
to take advantage of hybrid vigor. Almost all of the corn grown in the 
corn belt today is grown from hybrid seed, because the yield is greater 
and the corn is of better quality. In recent years, swine producers have 
also used crossbreeding to induce hybrid vigor in the commercial produc- 
tion of hogs. This will be discussed in detail in a later chapter. 


HOW TO ESTIMATE HETEROSIS FOR ECONOMIC TRAITS 


Heterosis is expressed by some traits but not by others. Thus, it is 
desirable to determine how the degree of heterosis may be estimated for 
each trait in order to know, in a general way, what traits may be improved 
by outbreeding and crossbreeding. Heterosis cannot be estimated ac- 
curately for a single mating because nongenetic factors may cause a 
great deal of variation in a particular trait in a single mating. It can be 
estimated more accurately by comparing groups of crossbred and pure- 
bred animals. Animal breeders are not in complete agreement on how 
this should be done. Some feci that the best measure is the amount that 
the r, exceeds the higher parent. Others feel that heterosis is best meas- 
ured by comparing the mean of the /\ offspring with that of the purebred 
parents, by the following formula: 


Per cent heterosis 


Mean of Fi minus Mean of parent 

offspring breeds 

Mean of parent breeds 


X 100 



200 Outbreeding and Crossbreeding 

For example, suppose that the average litter sire at weanmgin swine is 
7.0 for Breed A, 8.0 for Breed B, and 8.5 in the F 1 Inters The average 
litter size in the parent breeds would be 7.0 plus 8.0 or 7.5 P'S 5 , 
amount of heterosis would be 8.5 minus 7.5 or 1 divided by 7.5 times 

100 or 13.33 per cent. p. 

Estimating the amount of heterosis by comparing the mean o£ the i 
offspring with that of the parents seems to be a reasonable method ro 
the genetic standpoint. As was pointed out earlier, one of the character- 
istics of additive gene action is that the mean of the F x individuals coin- 
cides exactly with the mean of the parents if environmental variations are 
not considered. Thus, this kind of gene action is not responsible for 
heterosis. When nonadditive gene action is important, on the other han , 
the mean of the F x does not coincide with that of the parents but is either 
above or below it. In some instances, it may even be higher than the hig 
or lower than the low parent. 


GENETIC EXPLANATION OF HETEROSIS 

Heterosis is caused by heterozygosity involving genes with nonadditive 
effects. Nonadditive gene action includes dominance, overdominance, and 
epistasis. The effects of these three types of action will be discussed 
separately. 

Dominance 

The decline in vigor due to inbreeding indicates very strongly that there 
are many recessive genes in farm animals that have deleterious effects on 
the vigor of the animal, varying from the lethal to the slightly detrimental. 
Since there are so many different pairs of genes influencing the expression 
or quantitative trails, some pure breeds and some inbred lines could be 
homozygous recessive for some pairs of genes. Many of our breeds in the 
United States could be homozygous for many genes, or at least, the fre- 
quency of one allele may be much higher than that of the other, since they 
have descended in many cases from a relatively few imported animals. It 
has been repotted that over one-half of the American Shorthorns trace t° 
one bull in their pedigree. 2 For example, where several pairs of genes 
control one trait, one breed could be homozygous dominant for several 
pairs and homozygous recessive for another (AABBCCdd), while the 
v*ond could be, respectively, homozygous recessive and homozygous 
dominant for those pairs (aaBBCCDD). When individuals of the two 
breeds were crossed, the F x (AaBBCCDd) would be superior to both 
parents in that particular trait, having at least one dominant gene in 
each pair. 
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TABLE 20 

EXAMPLE SHOWING HOW DOMINANCE MAY BE RESPONSIBLE 
FOR THE EXPRESSION OF HETEROSIS 


Assumptions: 

That environment has no influence on the expression of genes. 

That animals of genotypes AAbb, Aabb, aaBB . and aaBb gain 
1.80 pounds per day, those of genotypes AABB and AaBb gain 
2.20 pounds per day, whereas those of genotype aabb gain 
1.60 pounds per day. 


Generation 

Genotypes 

Phenotypes daily j 

i weight gain in pounds J 

Average daily weight 
gam in pounds 

Pi 

AAbb 

1.80 

1.80 


aaBB 

1.80 


F, 

AaBb 

2.20 

2.20 


1 AABB 

2.20 



2 AAB6 

2.20 



1 AAbb 

1.80 



2 AaBB 

2.20 


F, 

4 AaBb 

2.20 

2.01 


2 Aabb 

1.80 



1 aaBB 

1.80 



2 aaBb 

1.80 



1 aabb 

1 60 

. 


Data presented in Table 20 illustrate further how dominance is a cause 
of heterosis. Note that in this example, the mean of the Fx population ex- 
ceeds the mean of the two parents. Note also that in the F s there is the 
beginning of a regression toward the mean of the P,. 

Since dominance is responsible for heterosis, it should be theoretically 
possible to capture this superiority in a single line by making individuals 
homologous dominant for all pairs of genes. For instance, in the example 
in Table 20, a few of the individuals in the r 2 were AABB. If animals of 
this genotype were mated inter se t their offspring would all have this same 
genotype. However, these homozygous dominants would be difficult to 
distinguish, for they would resemble the hctcrozygotcs in phenotype. In 
addition, it is very likely that there arc many more than four pairs of 
genes involved, and these would further complicate efforts to establish 
homozygous dominance. Thus, even though it is theoretically possible to 
get a strain that is homozygous dominant for several genes, it is not prac- 
tical or probable. 
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Overdominance 

This type of gene action is also responsible for heterosis. This is ilh» 
trated in Table 21. using two different pairs of genes that affect the »m 
trait. In actual practice, seseral pairs of genes with oserdominant action 
may affect the same trait, but effects of the different pairs may not t* 
equal, some hasing a greater effect than others. 

With this kind of gene action, it would nc\er be possible to fix hetero- 
sis in a single pure strain, because the gene action is entirely depen ent 
upon heterozygosity. The only way to take advantage of such kin o 
gene action would be to first form inbred lines and make them homozy- 
gous by inbreeding. Then the lines would have to be tested in crosses to 
find which lines combine best and induce the most heterosis in tf* cir 
offspring. Once this series of test crosses was made, the best-combining 


TABLE 21 

EXAMPLE SHOWING HOW OVERDOMINANCE MAY BE RESPONSIBLE FOR 
THE EXPRESSION OF HETEROSIS 


Assumptions: 

That environment has no influence on the expression of rate 
of gain. 

That each pair of heterozygous genes has an equal effect on 
rate of gain 

That animals with both pairs of genes homozygous, gain at the 
rate of 1.60 pounds per day, those with one pair homozygous and 
one pair heterozygous, at the rate of 1.90 pounds per day; and 
those with both pairs heterozygous, at the rate of 2.20 pounds per 
day. 


Generation 

Genotypes 

Phenotypes daily 
weight gam in pounds 

Mean daily weight 
gam in pounds 


■ 1 

1.60 

1.60 

■ 


1.60 


F, 

a'a'b'b* 

2.20 

2.20 


1 A x A l B*B l 

r — 



2 A l A l B x B* 




1 A 1 A 1 E?B 2 

SSeiiB 



2 aMVb * 



F, 

4 A l A , B l B* 

2 


1.90 


i a*a*b 1 b x 




2 




1 A*A*B*B* 

HhmP 
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TABLE 22 

EXAMPLE SHOWING HOW EPISTASIS MAY BE RESONSIBLE FOR THE 
EXPRESSION OF HETEROSIS 


Assumptions; 

That environment has no influence on the expression of rate 
of gain. 

That individuals of genotypes combining one or more A and B genes, 
gain at the rate of 2.00 pounds per day, whereas all other genotypes 
gain at the rate of 1.60 pounds per day. 


Generation 

Genotypes 1 

Phenotypes daily 
tv eight gam in pounds 

Average daily weight 
gain in pounds 

Pi 

AABB 

2.00 

1.80 


aabb 

1.60 


F t 

AaBb 

2.00 

2.00 


1 AABB 

2.00 



2 AABb 

2.00 



1 AAbb 

1.60 



2 AaBB 

2.00 


f 2 

4 AaBb 

2.00 

1.83 


2 Aabb j 

1.60 



1 aaBB 

1.60 



2 aaBb 

1.60 



1 aabb 

1.60 



original parents would have to be crossed again to produce heterozygous 
individuals. (This is exactly what is done in producing hybrid seed corn.) 
The fact that this heterosis could not be fixed is obvious in Table 21, 
If r, heterozygotes mated infer sc, already in the r 2 , by segregation and 
recombination of genes, the means would regress, and only 4 out of every 
16 individuals would retain the induced heterozygosity and heterosis. 
Further mating among the individuals of succeeding generations would 
only result in further disruption of the heterozygosity in the population, 
and an over-all decline in heterosis, and a regression of the mean of the 
population to the mean of the original parents. 
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In dominance and mcrdominance, the heterotic cffe “ ” ‘' UC j “ 
interaction ol genes that are alleles, esen though seseral pm oU ■«<»» 
may ahect the same trait In ep.snsis the .ntencl.on .s be » * P 
of genes that are not alleles It is theoretically possible to fix h««° 
effects that arc due to cpistasis in a single pure line, as is the 
dominance, but this ssould also be extremely difficult and may no 
probable or practical 

From the foregoing discussion, it becomes scry apparent ll 
difficult, if not impossible, to fix heterosis, that is, to attempt to ma ^ 
tain heterosis by mating those individuals having the highest degree 
heterosis The most practical procedure of making use of heterosis sec 
to be the formation of distinct lines or breeds and then crossing them 
find those which give the greatest hjbrul vigor Such a procedure ** 
work regardless of the kind of nonadditive gene action that is responsi 
for the heterosis 


Additive Gene Action 

This kind of gene action is not responsible for heterosis, stnee the aver 
age of the r 4 would coincide with the average of the two parents Tins is 
illustrated in Table 23 


WHAT DETERMINES THE DEGREE OF HETEROSIS 5 


Not all traits in farm animals are affected to the same degree b) het 
erosis Those traits which are expressed early in life, such as survival an 
growth rate to weaning seem to be affected the most, whereas feed lot 
performance, as measured by rate and efficiency of gain after weaning 15 
only moderately affected In general, heterosis seems to have very 
influence on carcass quality in farm animals It may be pointed out again 
that those traits which show the greatest degree of heterosis are the same 
ones which show the greatest adverse effects when inbreeding is practiced 
Traits which are highly heritable seem to be affected very little by het 
erosis, whereas those which are lowly heritable are affected to a greater 
degree A good example of this phenomenon is fertility or litter size m 
swine This trait is only about 15 to 17 per cent heritable but is affected 
greatly by hybrid vigor 

Evidence also indicates that the degree of heterosis depends upon the 
degree of genetic diversity of the parents that are crossed Thus, a higher 
degree of heterosis should be obtained when different breeds are crossed 
than when lines within the same breed are crossed Furthermore, crossing 
breeds having greater differences in their genetic backgrounds should 
give more heterosis than crossing breeds having similar genetic back 
grounds This is reasonable from a theoretical standpoint Unrelated 
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TABLE 23 

EXAMPLE SHOWING HOW ADDITIVE GENE ACTION IS NOT 
RESPONSIBLE FOR THE EXPRESSION OF HETEROSIS 


Assumptions: 

That environment does not influence the expression of rate 
of gain. 


That the residual genotype of aabb gains at the rate of 1.60 
pounds per day, and the plus or contributing genes A or B each 
add .20 pounds to the daily rate of gain. 


Generation 

Genotypes ! 

Phenotypes daily 

Average daily weight 

weight gain in pounds 

gain in pounds 

Pi 

AABB 

2.40 

2.00 


aabb 

1.60 


F, 

AaBb 

2.00 

2.00 


I AABB 

2.40 



2 AABb 

2.20 



1 AAbb 

2.00 



2 AaBB 

2.20 


F . 

4 AaBb 

2.00 

2.00 


2 Aabb 

1.80 



1 aaBB 

2.00 



2 aaBb 

1.80 



1 aabb 

1.60 



ents are less likely than related parents to be homozygous for the same 
pairs of genes. This is because the original stocks of the unrelated parents 
differed in their gene complements; or, if the unrelated parents are de- 
scendants of the same original stock, segregation and recombination of 
genes has caused their relationship to become more remote. For exam- 
ple, if individuals of genotype aaBBCCdd were crossed, the F x would not 
be superior to the parents because of heterosis, regardless of the kind of 
nonadditive gene action involved. On the other hand, if individuals of 
that genotype were crossed with individuals of gcnotjpc AAbbccDD, 
heterosis would be expressed in the F x if nonadditive gene action were 
important. In summary, then, we can say that heterosis depends upon 
nonadditive gene action and upon one parent being homozygous for one 
allele in which the other parent is homozygous for the other. 


PHYSIOLOGICAL BASIS OF HETEROSIS 

Very few imestigations ha\c been made to determine the physiological 
basis of heterosis in farm animals. Gregory and Dickerson 1 made com- 
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par, sons of mbred and ropcrors p.gr «1»* iron, .ho — 

boars to outbrcd sous) on the same lcscl of fcctl innke T1 > 

topcross pigs required 10 per cent less feed per unit of gain, P * 

cent faster gams and possessed less fat and more muscle an 

market ss eight of approximately 200 pounds These adsantages 

esen though there ssas no significant difference m the ability 

and topcross pigs to digest their food Tins led to the conclusion that the 

topcross pigs had a more efficient metabolic system, ssluch could lias c 

due to a lower maintenance requirement or less energy loss during 

growing fattening period 


PRACTICAL USES OF CROSSBREEDING 

Crossbreeding is used by the producer of market animals It is used 
mainly in an effort to maintain heterosis which cannot be fixed within a 
pure line or breed Crossbreeding is used widely for the production o 
market hogs in the com belt, and for the production of beef cattle in t * 
Southern and Southwestern region of the United States The uses an 
advantages of this system of mating will be discussed for each speaes o 
farm animals in later chapters 

Crossbreeding has also been used in recent years to establish a broa 
genetic basis for the development of a new breed The initial crossbreed 
mg is then followed by inbreeding and selection for the characteristics 
desired in the new breed An example of this system is the development 
of the Santa Gertrudis breed of cattle by the King Ranch in Texas from 
a Shorthorn x Brahman cross Other examples are the development o 
several new breeds of swine These will be discussed in more detail in a 
later chapter Fundamentally, the procedure has merit, because no one 
breed of farm animals possesses all favorable or desirable genes 

Many breeders object to the use of crossbreeding for various reasons 
One reputed disadvantage of crossbreeding is that the offspring lack, uni 
formity of coat color This objection is more likely to be valid where 
three or more breeds are used in a crossbreeding program some breeder* 
have overcome this difficulty by developing inbred lines all of the same 
color As mentioned earlier in this chapter, crossbred animals may be 
more uniform for some of the economic traits such as litter size and 
weight at weaning than purebred or mbred animals Lack of uniformity 
in unimportant traits should not be considered a fundamental disadvan 
tage of the crossbreeding system of mating 


PRACTICAL USE OF OUTBREEDING 

Outbreeding is the system of mating used most widely by purebreeders 
in the production of purebreds at the present time It is practiced to off 
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set the adverse effects accompanying inbreeding. Also, many breeders feel 
they can purchase from other breeders males of higher quality than they 
can produce in their own herds. One contributing factor to the wide- 
spread use of outbred sires has been the extreme importance that has been 
placed on show-ring winnings. The breeders feel that they must obtain a 
certain amount of advertising for their own herds by purchasing progeny 
of grand champion sires. This does increase the chances of bringing more 
desirable show-ring type into the herd, but the chief advantage is that 
a well-known name thereby appears on one side of the pedigree of the 
young stock they have for sale. This has resulted in more attention being 
paid to names than to merit in many instances. 


OTHER SYSTEMS OF OUTBREEDING 

Other systems of outbreeding are grading and topcrossing. In grading, 
purebred males of superior merit are mated to grade females or females 
of low quality. This system has been used considerably in the past, espe- 
cially in the West where purebred Hereford bulls were used on Longhorn 
and grade cows. It has also been used extensively where tested purebred 
dairy bulls have been used by artificial insemination in grade herds. 

One of the features of grading is that the greatest improvement is usu- 
ally made with the first cross, with less and less improvement made in 
later generations as the level of quality in the herd increases. Some of 
the improvement made in the first cross is due to heterosis; in later gen- 
erations the level of heterosis tends to regress. The factor that could be 
responsible for continued improvement when grading is practiced is the 
introduction of desirable additive genes with plus effects into a herd which 
originally lacked them. Then, selection for higher quality in succeeding 
generations maintains the genes in the breeding stock. This should be 
especially true for traits that are highly heritable. Intensive selection must 
be practiced, however, if these traits are to be continuously improved. 

Until recently, topcrossing was practiced in the production of purebred 
animals. Topcrossing refers to the last male in the top side of the pedigree 
and derives its name from this fact. An example is "Scotch- topped Short- 
horns/' which means that the dam was a regular Shorthorn but the sire 
was of straight Scotch breeding. More recently topcrossing has been used 
to refer to the mating of inbred males with unrelated females. If the fe- 
males belong to the same breed as the inbred male, this is, of course, a 
form of outbreeding. However, if the females to which the inbred male 
is mated belong to a different breed this is a form of crossbreeding. Usu- 
ally, no attempt is made to distinguish between topcrossing that is out- 
breeding or crossbreeding. 
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Questions and Problems 


1. Define outbreeding and crossbreeding. 

2. What are the genotypic and phenotypic effects of outbreeding? 

3 Define heterosis and give examples where it has been used to advantage m 
farming operations. 

4. Parents from two different breeds of swine were used for crossbreeding P“ r 
poses Litter sire in one breed averaged GG pigs at weaning and 8 0 in* 
other. In crossbred gilts saved from these litters for breeding purposes, hue 
sire at weaning averaged 9 SO pigs per litter. What is the percentage of he • 
erosis in this example? 

5. What kinds of gene action are responsible for heterosis and what type »* n0t * 
6 What traits in farm animals seem to be affected the most by heterosis? 

7. What seems to determine the degree or amount of heterosis obtained through 
crossbreeding? 

8. Outline in detail the procedure to follow in using heterosis to the greatest 
possible extent in farm animals. 

9 What appears to be the physiological cause, or causes, of heterosis in farm 
animals? 

10. What are the mam uses of crossbreeding? 

11. Define grading and topcrossing. 

I2 ' advanta S e °S crossbreeding in term animals and how 

this be used? What is the mam disadvantage? 
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Summary of Animal 

Breeding Principles 


In the preceding chapters we Dis- 
cussed in detail the principles involved in animal breeding. Before show- 
ing how they may be applied to the improvement of the various species 
of farm animals we shall summarize and restate these principles. 


SAMPLING NATURE OF INHERITANCE 

The inheritance of individuals is transmitted from parents to offspring 
by means of genes located on the various chromosomes. There are hun- 
dreds and probably thousands of genes, and they occur in pairs except 
those on the nonhomologous parts of the X and the Y chromosomes. Of 
each pair of genes, the individual receives one from the mother and one 
from the father; and to each of his offspring the individual will give one 
member of the pair. Thus, for every pair of genes, each offspring receives 
a sample one-half of its inheritance from each parent. Since there are 
many pairs of genes, and some are in the homozygous and some in the 
heterozygous state in the individual, the samples may be quite different 
for any two. 


ROLE OF THE ANIMAL BREEDER 

Differences in genes, or variations in individuals due to differences in 
genes, is the raw material with which the animal breeder must work. The 
animal breeder cannot create new genes, but must work with the genetic 
variation that already exists in his animals. 

Genetic variation is the result of mutations of genes which have oc- 
curred during the production of many, many new generations of animals. 
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These mutations, along with selection, hate made some animals more 
suitable for a particular purpose or a particular environment 

The animal breeder today is more interested than ever m produang 
animals that are highly efficient for a particular purpose The dairy 
rattle breeder is interested in developing a herd that gives the la g 
amount of milk per animal for the smallest amount of feed «> nsuI “ 
The beef producer is interested in the efficiency of beef production, 
recently he has been giving increased attention to carcass quality In ot er 
words, the problem now is not to develop new and better breeds, but o 
improve existing ones or to combine them in a way as to take advantage 
of heterosis Of course, some new breeds have been developed from CT0 ^_ 
bred foundations, but their superiority to the more popular older bree 
has still to be proved There seems to be some potential for the deve op- 
ment of new and superior breeds from a crossbred foundation if the two 


or more parent breeds possess different desirable genes 

The role of the animal breede r is to identify those a nimals that posseg? 
desirable genes or combinations of genes and to concentrate in his her 
as many of these genes as possible In attempting to find superior anima s, 
he is often confused by environmental effects and by the different modes 
of gene action and interaction He should compare prpspective breeding 
animals in as like environments as possible, preferably in one similar to 
that in which their offspring would be raised, and he should compare 
animals near the age at which he would market the offspring He must 
choose superior individuals on the basis of information in pedigrees, the 
individuality of the prospective breeding animals, and on information on 
collateral relatives and progeny when their records are available His 
breeding program will be effective if the traits to be selected for have been 
measured accurately and if they are highly heritable, indicating that ad 
ditise gene action is the cause of most of the genetic variation If non 
additive gene action is the most important genetic influence on the traits 
he plans to select for, his breeding program will have to include the de 
velopment of inbred lines first Then these will have to be tested »n 
crosses to identify those with the superior combining ability in order to 
take advantage of nicking effects or heterosis 


INFORMATION NEEDED TO FORMULATE EFFECTIVE 
MATING AND SELECTION SYSTEMS 

When developing a breeding program the breeder must first decide 
’ihaUrans are the most important to select for from the economic stand 
point His decision will depend upon the species of farm animals with 
which he is working the feeding program he intends to use, the kind of 
product he intends to market, and the sale pnce of that product In most 
cases, the breeder will lim it the number of traits selected for and will 
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include these traits in an index. The amount of weight he gives each 
trait in the index will depend upon the heritability of that trait, its rela- 
tive economic value, and the genetic correlation of that trait with others 
of economic importance. Example index formulas will be given for each 
class or species of farm animals in later chapters. 

Next he must acquaint himself with the methods that have been de- 
vised to make accurate measurements and records; thereby, the breeder 
can distinguish more satisfactorily between genetic and environmental 
effects both in prospective breeding animals and in generations during 
the breeding program. Actual measurements of such traits as weight, milk 
production, or percentage of lean cuts should be made and not estimated. 
The use of correction factors to adjust records of all animals in the herd 
to a comparable age, to the same-age-of dam basis, for sex, and other 
variables, whenever applicable, enables the breeder to make comparisons 
more accurately. His accuracy in choosing genetically superior animals 
for breeding purposes and in evaluating the progress of his breeding pro- 
gram will be increased if he keeps detailed written records. 

Another fact the breeder needs to know in planning his program is 
which kind of gene action, additive or nonadditive, has the greater in- 
fluence on each of the important economic traits. Additive gene action 
is indicated when the heritability of the trait is high, as measure d by the 
res emblance between parents and their offspring, and when the crossing 
of breeds results m an average of the Fj that closely approximates the 
average of the parents. Additive gene action is also indicated, but not 
yet proven, when sex differences for a trait are large. When additive gene 
action has more influence, mass selection (mating the best to the best) 
will be effective. Nonadditive gene action is indicated when the herit- 
ability of a t rait is low, when inbreeding has had detrimental effects, and 
when outbreeding or crossbreeding has had beneficial effects. Nonaddi- 
tive gene action is also indicated when the average of the Fj individuals 
differs from the average of the two parental groups (h etero sis). When non- 
additive gene action has more influence on a trait, the greatest improve- 
ment in performance will come from the crossing of st rains or jine s known 
to have good nicking or combining ability. The breeder may want to 
breed and select for several different traits of which some are affected by 
additive and some by nonadditive gene action. The recommended pro- 
cedure here would be to form pure lines or breeds by selection for im- 
provement in those traits that are highly heritable; then, to cross these 
lines or breeds to improve those traits that show heterosis. 

The breeder should also know whether genetic correlations are impor- 
tant among the different traits selected for and whether the correlations 
are positive or negative. Some information is available for the important 
traits, and these will be discussed in the chapters dealing with each of the 
species of farm animals. 
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The breeder can make more effective plans if he also “n determine 
whether or not genetic-environmental interactions influence l e 
wishes m select for. As discussed earlier todays breeder has ht.le tnfor- 
mation about this factor, but further research should provide more. 

WHEN TO USE INBREEDING AND LINEBREEDING 

Inbreeding and linebreeding are practiced to produce jjgd stopk. In- 
tensive inbreeding is done, as a general rule, with the inten tion o£_using 
inbred _animahJQr^ rossi ng purposes. 

If this is not the breeder's main objective, intensive inbreeding xmg 
not be desirable, for the main phenotypic effect of inbreeding and line- 
breeding is a decline in the performance traits that are affected great y 
by nonadditive gene action. Much of this decline must be due to the fact 
that detrimental reces sive genes are revealed by increased homoz)gosity- 
In general, the traits affectedji Qst by i nbreeding are those associated wit 
physical fi tness. The decline in performance in these traits seems to be 
greater in some inbred lines than in others, but in general, the decline 
occurs in spite of selection against it. 

The producer of seed stock, himself, must be prepared to accept a cer- 
tain amount of decline in performance of his stock and must expect the 
appearance of some inherited defects. He must decide whether or not the 
expected increase in prepotency or uniformity of genetic composition will 
overbalance the decline in performance. 

If inbreeding is practiced for some other purpose than the production 
of seed stock to be used in crosses, such as the production of purebred 5 
for show-ring purposes, the degree of inbreeding should be held to a mini- 
mum and should be increased slowly, with inten sive culling and selection 
of breeding animals that reproduce that line. These methods of breeding 
should not be used by the comm ercial live stock producer, who is an ani- 
mal multiplier and not a producer of seed stock. His purpose is to pro* 
duce the greatest amount of salable product per breeding animal, and 
a lowered productivity of the breeding animals will not accomplish this 
Inbreeding and linebreeding should not be used in herds made up of 
average or mediocre breeding stock, for several undesirabl e recess ive genes 
may be present and frequently will be brought together and appear phe- 
notypically, this may result in the discarding of the whole inbred line 
sooner or later. 

The building of superior inbred lines of livestock is a slow, time-con- 
suming. and methodical process and probably should be undertaken only 
by the breeder who has the knowledge, the time, and the necessary capital 
to continue the process to its completion. 
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WHEN TO USE OUTBREEDING AND CROSSBREEDING 

Outb reed ing is the form of mating most often used by present-day 
purebred breeders in the production of purebreds. It will probably con- 
tinue to be widely used, because, by mating females in his herd or flock 
to nonrelated males the breeder avoids the effect of inbreeding. In out- 
breeding, the breeder must attempt to purchase the best genetic material 
he can find at a price he can afford to pay, and he must always try to 
find a male that is superior to the females in his herd. Recently, breeders 
have been selecting males on the basis of both type and performance 
rather than on type alone. The use of superior males proved by perform- 
ance tests should improve the over-all performance of the herd and pro- 
duce superior seed stock to sell to the commercial livestock producers. 

The purebred breeder should purchase older males that have been 
progeny-tested and proved of superior genetic worth. Often the older 
male of outstanding breeding ability is sold because he has so many 
daughters in the herd that the owner would be forced to use inbreeding 
if he were retained in the herd. Superior genotypes of this kind should 
be used in someone's herd as long as the animal remains fertile, in order 
to improve the over-all production of a herd and possibly a breed. 

Crosstoeding is the mating system that should be used by the livestock 
multiplier or the commercial livestock producer. The class of livestock 
may be important, however; crossbreeding is useful in swine, but may 
not be in dairy cattle. Crossbreeding effects are the opposite of in breed- 
ing and linebreeding effects m~that traits associated with physical fitness 
are improved; but the breeding worth of the individuals may be lessened 
to a certain degree because they are heterozygous and do not breed as 
uniformly true as inbred animals. 

Some livestock producers become so enthusiastic about crossbreeding 
that they may forget that some traits in farm animals do not show het- 
erosis. Thus, it is important for the breeder to be familiar with which 
traits show he tero sis and which ones do not. These will be discussed in 
detail for each'Species of farm animals* in later chapters. 

In conclusion, it is well to emphasize that, for the greatest improve- 
ment in livestock breeding, the breeder must not only be familiar with 
the raw material and the tools available to mold this raw material, but 
he must also know how to use both to the greatest advantage. 
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Swine are known as ‘mortgage 
lifters ’ and the) are reared in large numbers on farms in the Corn Bet 
region The past few )ears have seen a definite change from the lar )1 
to the meat type hog because of the surplus of lard on the market causey 
by the substitution of \egetable oils for lard for cooking purposes an o 
detergents for soaps made from lard Another factor has been the con 
sumer demand for leaner pork This demand is also a result of g rols ‘ n e 
calorie consciousness slim and trim figures hase become more desira 
and seem to be conducive to longer life and better health 

Swine breeders no longer select breeding animals on type alone e 
suits of swine breeding research ha\e impressed on breeders the jmpor 
tance of selection for performance as well as for type The fact that 
breeders are now more interested in systematic selection and breeding 
practices is demonstrated by the number of swine-evaluation stations that 
have been established in the United States during the past few years 
Swine breeding research has yielded many practical results that are 
now being used by swine breeders Much more research work still nee 
to be done however especially in the determination of genetic correla 
tions between traits in possible genetic-environmental interactions an 
in improved methods of selecting and breeding for superior performance 
This chapter will be devoted to a discussion of selection and breeding 
methods now recommended on the basis of research in swine breeding 


TRAITS OF ECONOMIC IMPORTANCE AND HOW 
TO MEASURE THEM 

Only those traits which are the most important from the economic 
standpoint should be considered in a breeding program Selection fo r 
214 
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FIGURE 49 Grand 
Champion barrow at 
the International 
Livestock Show in 
1919 Consumers now 

DEMAND MORE LEAN AND 
LESS FAT IN FORK PROD- 
UCTS (Courtesy of the 
University of Mis 
SOUR l) 


many different traits, of which some are of minor importance, such as 
color patterns, will result in less selection pressure being applied for those 
traits which are most important For this reason, the discussion here will 
be limited to only the most important traits 


Total Litter Weight at Weaning 

Litter weight at weaning is a measurement of net merit for preweanmg 
performance in swine It gives a measurement of the fertility of the sow, 
because the heavier litters at weaning are usually the larger litters It also 
is an indication of the milking and mothering ability of the sow and the 
vigor and growth rate of the pigs Litter sire and weight at weaning are 
determined by the number of pigs bom per litter and the ability o these 
pigs to survive to weaning To wean a litter of 10 pigs, sows must farrow 
at least 10, and in most cases one or two more On the other hand, large 
litters at birth are not advantageous if the sow is a poor mother an 


FIGURE 50 Large lit 

TERS AT WEANING ARE 
NECESSARY FOR A PROFIT 
IN PORK PRODUCTION 

This is a litter in 

WHICH EIGHTEEN PIGS 
WERE BORN AND SIXTEEN 
WEANED WITH A TOTAL 
56-DAY LITTER WEIGHT 
OF 687 POUNDS (Cour 
tesy American Land- 
race Association) 
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crushes many of her pigs during choir first few toys ° f “ *' t jX 

are born so weak that they fail to survive to weantng. Much of th« « 
ble can be presented by proper feeding and management >f the 
fitters, but gene actions of various types are known to affect ^th 

To measure litter sire and weight at weantng accurately, ,t ss nea^zcy 
to identify each litter, and preferably each pig, at b.rth, by usmg an 
marking system or by tattooing a number in the pigs car. Many 
marking systems have been proposed by breed assoc, a, tons and by expen 
ment stations, all of which are satisfactory. The ear-notching J 
shown in Figure 51 may be used to identify several thousand ind.s.duat 
pigs by litter number and individual number. 

In the past, most pigs have been weaned at 56 days, but since the a v 
of sow milk replacers and higher quality creep rations, many pigs a 
being weaned at from three to five weeks of age. The age at weaning wi ^ 
depend upon the wishes of the swine breeder, his facilities, and the tar- 
rowing system he is following. For selection purposes within a herd, ow 
ever, all pigs should be weaned at the same age, so litters may be com- 
pared on the same age basis. Often it is not possible to weigh all litters 
as they reach an exact age. Correction factors ha\e been calculated to 
adjust litter weights to a 56 day basis. The one given in Table 24 may 
be used for this purpose. To use these correction factors, let us suppose 
that pigs were weighed at 61 days of age instead of 56. The weight is 

FIGURE 51 This system of ear marrinc makes it pos- 
sible TO CIVE EACH PIC A SPECIFIC NUMBER THOUSANDS OF 
PICS CAN BE MARKED BY THIS SYSTEM WITHOUT DUPLICATION. 

(From Missouri Agricultural Experiment Station Re- 
search Bulletin 587.) 


700 


Left ear 


100 



Right ear 


Position value of ear notches 



Pig No. 124 


Pig No. 784 
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TABLE 24 

CORRECTION FACTORS FOR ADJUSTING LITTER WEIGHTS OF PIGS TO A 
56 -DAY BASIS 


Age when 
weighed 
(days) 

Multiply total litter weight by 
this factor to adjust to 56 days 

50 

1 1801 

51 

1 1471 

52 

1 1154 

53 

1 0849 

54 

1 0555 

55 

1 0272 

56 

1 0000 

57 

9738 

58 

9485 

59 

9241 

60 

9006 

61 

8779 

62 

8560 

63 

8359 


adjusted by multiplying the weight o£ the litter at 61 days by the correc 
tion factor (0 8779) given m Table 24 


Weight at 154 Days of Age 

The weight of each pig at 154 days of age is another important eco- 
nomic trait A weight taken at this time is actually a total measurement 
of all gams made from birth If 56 day weights for each pig are available, 
the rate of gam from weaning to 154 days of age can be calculated by 
dividing the weight gamed by 98 Since it is not always possible to weigh 
each pig or each litter at exactly 154 days of age, correction factors have 
been devised to adjust the weights to this standard age basis 28 The fol 
lowing has been suggested for this purpose 


Adjusted weight == 


(Actual Weight + 154) 
Actual Age -p 45 


(199) - 154 


Other breeders prefer to record the a\erage daily gam from shortly 
after weaning to a market weight of 200 pounds As a general rule no 
correction is made for the age of the pig but the numbers of pounds 
gained divided by the total days on feed gives an avenge daily gain figure 
Postweamng gains are easy to calculate for each pig whether a standard 
154-day weight or the average dailv cam from w canine to market weight 
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h used. For accuracy of records, it is to be emphasized that pigs fed in 
groups or in litters must bear individual identification numbers. 


Economy of Gains from Weaning to Market Weight 

The economy of gains is also of considerable importance in pork pro- 
duction. The amount of feed required per pound of gain by individuals 
is difficult to calculate, however, because it requires individual feeding, 
which is expensive and impractical. Individual feeding is usually prac- 
ticed only for boars, because a boar is the most important single individ- 
ual in the herd; he supplies one-half of the inheritance for many litters, 
during a season whereas each sow supplies the inheritance for only one. 
In addition, fewer boars are required for breeding purposes, and only the 
top herd sire prospects need to be individually fed. 

Estimates of the feed efficiency for a pig may be obtained by feeding 
an entire litter together in one pen or by feeding two barrows (or boars) 
and two females together from weaning to market weight. This gives a 
figure for each litter and thereby an estimate for each member of the 
litter. Feeding pigs in this manner is less expensive than individual feed- 
ing, but still is not practical enough to be used by many breeders. It is 
being used to a considerable extent by swine-evaluation stations now in 
operation in the United States. 

All pigs within a herd should be compared on as nearly the same basis 
as possible for efficiency of gams by starting them on feed at about the 
same weight and taking them off the gain test at the same final weight. 
This is necessary because a pig requires more feed per pound of gain 


0F DUROC BOARS FED IN 

INDIVIDUAL PENS FROM WEANING TO 200 POUNDS LIVE WEIGHT 


A'o of 1 
boar 

Avg daily 
gam (lbs ) 

Lbs feed consumed 
per day 

Lbs feed per 
pound gam 

104 

105 

148 

157 

207 

2.03 

1.96 

2.14 

2.05 

7.51 

7.54 

7.94 

7.51 

3.70 

3.85 

3.70 

3.67 

209 



3.97 

209-t 



3.78 

236 

238 

1.81 

6.96 

7.06 

3.96 

3.89 

276 

355 

500 

1.86 

2.17 

1.66 

6.67 

7.48 

6.69 

3.61 

3.59 

3.43 

4.03 
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between 100 and 200 pounds than between 50 and 100 pounds. For this 
reason, the beginning and ending weight for all of the pigs is held as 
constant as possible in measuring the economy of gains. 

Pigs to be compared for efficiency of gains must all be fed the same 
rations. Less pounds of feed per unit of gain will be required with concern 
trated, high-energy rations than with bulky, less-concentrated rations. 
Different herds do not all get the same kind of rations, and for this reason, 
it is difficult to compare their economy-of-gain figures where management 
feeding practices may vary widely also, making comparisons difficult. An- 
other consideration is that, unless self-feeders are adjusted very carefully, 
feed wastage may be considerable, and the resultant economy-of-gain fig- 
ures may be inaccurate. 


Type and Conformation Score at Market Weight 

Different views may be expressed on the value of calculating type and 
conformation scores of pigs at market weight. Until the last few years, 
most of the emphasis in swine production and selection was on show ring 
type. More recently, however, type and conformation have been empha- 
sized less and preference has been given to the percentage of lean cuts 
whenever possible. Nevertheless, there is a certain amount of correlation 
between meatiness and scores for meat type. Thus, this trait should be 
given consideration by purebred breeders. 

Many complicated score cards have been used in the past, but probably 
they are of no more value than a simple scoring system in which the ani- 
mals are scored A, B, C, D, and E, with A being the most desirable and 
E the least desirable. Scores of this kind are more valuable when a com- 
mittee of three or more judges do the scoring and an average is recorded 
for each pig. 

Carcass Desirability 

More and more attention is now being paid by breeders to carcass de- 
sirability in swine, mainly because of the demand for more lean and less 
fat in pork products. Formerly, carcass desirability could be determined 
only after slaughter, but in recent years attempts base been made to 
measure carcass quality in the live animal before slaughter. One of the 
most useful methods dev eloped is the measurement of backfat thickness 
in the li\e animal by using a scalpel to cut the skin and then thrusting 
a ruler (or a ruled probe) into the fat until it is stopped b) contact with 
the muscle fibers of the bod). 10 Measurement of backfat thickness in the 
live hog by this method is as accurate in most instances as measurement 
of backfat taken in the carcass, and has been a valuable criterion in se- 
lecting breeding stock. 



220 


Systems of Breeding and Selection in Same 


FIGURE 52 Definite 

DIFFERENCES IN MEATI- 
NESS IN SWINE SHOW UF 
AFTER SLAUGHTER. THESE 
WERE FROM THE SAME 
HERD IN THE SAME YEAR- 

(Courtesy of the Uni- 
versity of Missouri-) 


Other methods of estimating the amount of lean and fat in the live 
animal are determination of the level of creatinine in the blood an 
urine, blood lipids, blood volume, and changes in the leucocyte numbers 
at the end of the fattening period. None of these has proved to be accu- 
rate enough for selection purposes, but continued studies may develop 
methods of greater value. The use of machines utilizing the principle of 
high-frequency sound which gives a different reading in contact with fat 
than it does in contact with lean offers promise in this respect and is 
being tested m many places 

Carcass data on litterraates of breeding animals have been used for se- 
lection purposes This method of selection has been used in Denmark for 
many years in the development of bacon qualities in the Landrace breed. 
It is now being used in many other countries, and in the United States, 
many of the breed associations have initiated the Meat Hog Certification 
programs in which a barrow and a gilt from a litter are used to obtain 
carcass data to certify the litter. Certification of the litters is dependent 
upon the length of body, backfat thickness, and area of the loin-eye mus- 
cle at certain weights Litters that qualify must also meet certain age 
standards at slaughter and must be from a production-registry litter. 

Carcass data obtained in swine-evaluation stations include body-length 
measurements, backfat thickness, area of the loin-ey e muscle and the per- 
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FIGURE 53 Loin eye 

AREA IN THE LIVE HOG 
MAY BE ESTIMATED 
THROUGH THE USE OF A 
SONORAY MACHINE. 

(Courtesy of the Uni- 
versity of Missouri.) 



centage of lean cuts. These criteria are used to identify those strains or 
indivfduals that possess inherent meat type and other destrable perfo™- 
ance qualities so they may be used to produce them land m an attempt 
to raise the genetic worth of the enure population. 


HERITABILITY OF ECONOMIC TRAITS IN SWINE 

Many heritability estimates have been calculated for the different traits, 
including conformation, performance characters, and carcass quahty. A 
summary of these heritability estimates is presented >" Table 

Litter sire and weight at weaning are lowly hcruabieuth anaicagc 
estimate from many studies of approximately 17 per cent. The weight 
of pigs at 154 days is approximately 30 per cent heritable, whereas growth 
rate from weaning to 180 ,o 200 pounds is 29 per cent her, .able Efficiency 
Of tin™ about 31 per cent heritable and is high enough to indicate tha 
thiTtrait is affected by additive gene action and ebarsome “ 

be made in selection for its improvement. Undoubtedly, if more acc . 
methods of measuring economy of gain could ^ ‘.-elopcd m which feed 
wastage was less, the heritability of this trait would be higher. 
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TABLE 26 


HERIT ABILITY ESTIMATES FOR CERTAIN TRAITS IN SWINE* 



Rems of conformation. 

Length of body 
Length of legs 
Number of vertebrae 
Number of nipples 

Type 

Performance characters 

Number of pigs farrowed 

Number of pigs weaned 

Weight of litter at weaning 

Weight of pig at approximately 5*6 months 

Growth rate (weaning to 180-200 lbs ) 

Economy of gain 

Items of carcasses 
Length 

Loin-eye area 
Thickness of backfat 
Thickness of belly 

Per cent of ham (based on carcass wt ) 
Per cent of shoulder (based on carcass w 
Per cent of fat cuts (based on carcass wt 
Per cent of lean cuts (based on carcass « 
Carcass score 

♦Mostly alter Craft' 


SELECTION INDEXES FOR SWINE 

Breeders are seldom interested in selection for the improvement of a 
single trait Usually they are interested in improving several traits of the 
greatest economic importance A selection index may be used for this 
purpose The following index 12 may be used when selecting for sow per 
formance 

Index = 2( iV '+ 2ff -+^ i 

where 


Ni = number of pigs bom, 

N+ — number of pigs weaned, and 
T* ■= total litter weight at weaning 


59 

65 

74 

59 

38 


15 

12 

17 

30 
29 

31 


t) 

) 

rt ) 


59 

48 

49 
52 
58 
47 
63 
31 
46 
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For example, if a sow farrowed 10 pigs and weaned eight with a total 
litter weight of 320 pounds at weaning, her index would be 

2(10 + 2X8 + ^), or 94.6. 

Another index for selecting pigs on the farm 3 is: 


where 


Index = — 0.5 A'i -f IXi - 0.02X S -f- 0.5A'<, 


Xi = number of pigs farrowed in the litter, 

Xt = number of pigs per litter at 154 days, 

As = litter weight at 1 54 days, and 
Xt — individual pig weight at 154 days. 

Swine-testing stations all over the United States are using indexes for 
comparing pigs on feeding tests. The index used varies with different 
stations. The following is an example of one that could be used: 

Index = 500 + 3 0G - 1 00F~ E, 

where 


G is the average daily gain in pounds, 

F is bachfat thickness m inches, and 
E is feed efficiency in pounds of feed required 
to produce 100 pounds of gain. 

The index for a pig that gained 2.00 pounds per day on 280 pounds of 
feed per 100 pounds of gain and had 1.20 inches of backfat at 200 pounds 
would be 500 + 30 (2.00) - 100 (1.20) - 280, or 160. 

The index for each individual in a herd should be calculated and those 
animals with the highest index kept for breeding purposes. If type or 
conformation were given consideration, those individuals of the poorest 
type could be culled and the remainder compared on the basis of the 
index. 


SELECTION EXPERIMENTS WITH SWINE 

The amount of progress expected from selection for the various eco- 
nomic trails may be calculated from the selection differentials, heritability 
estimates for these traits, and the generation interval. The real proof of 
progress in selection for these traits, howe'er, depends upon results ob- 
tained in actual selection experiments. 
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A cooperative study was made of the amount and effectiveness of se 
lection practiced during the development of inbred 

eral cooperating experiment stations in the Regional Swine ® J 
Laboratory « Data used to measure the amount of selection wa 
on 4,521 litters from 38 lines during the period from 1932 to 1948 A 
adjusting for the expected detrimental effects of tncreased mbreetbng, 
the average results indicated that selection practiced in the developmen 
of mildly inbred lines failed to improve measurably the genetic merit 
the lines One conclusion was that the effectiveness of artificial select 
might have been reduced because most of the selection practiced for niter 
sire actually was automatic That is this much selection would have oc 
curred if a random sample of the pigs weaned had been chosen for bree 


ing purposes _ 

A selection experiment was conducted at the Illinois Agricultural 
penment Station for rate of gam 20 1 The experiment involved selection 
for fast rate of gain in one line of Hampshire pigs and for slow rate o 
gam in another At the end of eight to nine generations, there was a 
difference of 61 8 pounds m the 180-day weights of pigs in the two lines 
The results indicated that selection for rate of gam was effective 

The Washington Agricultural Experiment Station conducted an ex 
periment to determine if selection for growth rate is as effective when 
swine are fed on a low plane of nutrition as when they are full fed 14 
A crossbred foundation stock of Danish Landrace X Chester White pigs 
was used, and two lines were formed One line was full fed from weaning 
to 150 pounds then limited fed from 150 pounds to parturition, and then 
full fed again during lactation The other line received 70 per cent as 
much food as the full fed group for each of these periods Selections were 
made on the basis of an index including litter size at farrowing and wean 
ing and average daily gain from weaning to 150 lbs Selection for rate of 
gain was effective in both lines, the progress made being very close to 
that expected from the selection differentials and the heritabiluy esti 
mates When pigs from the two lines were exchanged after the sixth gen 
eration of selection, the pigs from the limited fed line made faster gains 
than those selected for fast gains on a full feed, whereas when both lines 
were fed on a limited ration, the pigs selected for rapid gams on the 
limited ration made the faster gams Thus, a definite genetic-environrnen 
.al interaction was observed It was concluded that the results of this 


Experiment supported the contention that breeding animals should be 
produced and selected in the same environment in which their progeny 
will be produced 

A selection experiment was conducted at the Alabama Agricultural Ex 
periment Station” for efficiency of gams in Duroc swine Two different 
lines were established from the same foundation stock, with selection for 
high feed requirements in one line and low feed requirements in another 
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This was the only trait considered in the selection experiment. All pigs 
from each litter were full-fed a mixed ration in individual pens with 
concrete floors from 72 days of age to a live weight of 225 pounds. At the 
end of five generations of selection, 67 pigs from the efficient line had 
required an average of 352 pounds of feed per 100 pounds of gain, 
whereas 22 pigs from the inefficient line had required an average of 377 
pounds, or a difference of 25 pounds. 

An experiment designed to study the effects of selection for a single 
character, backfat thickness in swine, was started at Beltsville in 1954 in 
Yorkshires and in Durocs. The experiment was designed to select for a 
line low in fatness and one high in fatness, with a third group as an 
unselected control. 10 Preliminary results indicate that selection for thin- 
ner backfat is effective, although final results have not been published. 


SELECTION FOR SWINE IMPROVEMENT IN DENMARK 

Denmark has exported most of its surplus of pigs in the form of bacon 
to Great Britain for more than 50 years, 21 and the Danish breeding policy 
has been concentrated toward producing a type of pig to meet this de- 
mand for quality. In the 1890’s, the Danes started the development of a 
superior breeding system; it has been used ever since without a change 
of the general principles, although some changes and improvement have 
been made occasionally in feeding and handling the pigs. 

Special State Recognized Breeding Centers were established for both 
Landrace and Large Whites in order to supply commercial producers 
with purebred breeding stock for crossing and to improve the Landrace 
by selection for carcass quality. The first breeding centers were established 
in 1895. By 1938, the number of Landrace breeding centers had increased 
to approximately 250; in 1956 there were 254. The number of Large 
White centers reached 33 in 1933, but then decreased rapidly, leaving 
only two breeding centers for this breed in 1956. 

It soon became apparent to the Danes that an external examination of 
pigs was not sufficient to bring about improvement in carcass quality, so 
this was supplemented by a slaughter test. The first permanent pig prog- 
eny-testing station in Denmark, and the first of its kind in the world, 
was built for use in 1907. By 1926, five such testing stations were in op- 
eration. In 1950, these five stations were replaced by three new identical 
stations constructed for individual feeding of all pigs under test. 

The breeding centers are supervised by special committees and must 
submit groups of progeny (four littermntes) of ever)' approved boar and 
sow to one of the testing stations. The rate or gain and feed efficiency of 
each pig from a weight of 20 to 90 kg. live weight is recorded. The pigs 
are then slaughtered at cooperative bacon factories, where the carcasses 
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are examined the day after slaughter. This information is u5 . ed ' b “ b 
of selecting breeding stock and to help breeders improve their herds. 

Although the Danes attach great importance to fertility,- selection 
milk-producing ability and fertility of sows has not been P ractl ““ 
than selection for carcass quality. To enable a breeding animal to be 
approved or registered in the National Herd Book, however, certain 
minimum requirements for fertility and number of teats must be me . 
A committee visits the pig-breeding centers in its district twice eac >ea 
to score and approve the animals approved for breeding. To be approve , 
the full pedigree for three generations must be known, with full in or- 
mation about each pig in the pedigree. The animal itself must be of goo 
conformation (exterior), typical for the breed, and of good constitution. 
Each individual must have at least 12 teats, but at the present time most 


of them ha\e 14, and some 16 to 18. Each dam in the pedigree must, as 
an average for all litters, have given birth to at least 10 and weaned eight 
pigs. In the pedigree, there must be testing results from the Progeny 
Testing Stations for the animals, and the records must not be inferior 


on important points to the average of all litters tested. 

A summary of the preweaning performance of the Danish Landrace 
breed is given in Table 27. These data show a slow but steady increase 
in the number of pigs farrowed and weaned per litter from 1907 to 1951- 
The improvement in pigs from breeding centers from 1926 to 1957 is 
given in Table 28 21 These data show that considerable improvement has 
been made for rate and economy of gain. A high degree of uniformity 


FIGURE 54 Excellent type Landrace sow with a good 
UNDERLINE. (COURTESY AMERICAN LANDRACE ASSOCIATION.) 





Systems of Breeding and Selection in Swine 


227 


TABLE 27 

PREWEANING PERFORMANCE OF THE DANISH LANDRACE BREED* 


Year 

No. of 
litters 

No. of pigs 1 

farrowed per 
litter 

Pigs weaned at 

8 weeks per 

Utter 

1907 

1,708 

10.6 

8.2 

1927 

2,815 

10.9 

8.4 

1947 

2,735 

11.6 

9.0 

1951 

3,673 

11.7 

9.4 


♦Reference 29. 


has been obtained for body length, backfat thickness, and thickness of 
belly. The least improvement has been in body length and the most in 
backfat thickness. 

The pig-breeding system practiced in Denmark has proved to be an 
effective method of carcass improvement, and the Landrace breed has 
changed considerably, although it still has not reached perfection. Many 
testing stations now located in the U S. are patterned after those in Den- 
mark, and should result in the production of a larger percentage of meat- 
type hogs. Most items concerned with type and conformation are highly 
heritable, indicating that progress should be made in selection for these 
traits. This is another reason why a conformation or type score should be 
included in a selection program, along with other items of economic 
importance. 


TABLE 28 

IMPROVEMENT IN DANISH LANDRACE PIGS 
FROM 1926 TO 1956-57* 



1926-27 1 

1955-56 

1956-57 

Daily gain, grams 

623 

680 

684 

Feeding units per kg. of live- 




weight gain 

3.44 

3.01 

2.97 

Length of body, cm. 

88.90 

94.10 

94.20 

Thickness of backfat, cm. 

4.05 

3.21 

3.17 

Thickness of belly, cm. 

3.06 

3.32 

3.32 

Score from 0-15 for: 


12.60 


Shoulder 

12.20 


Hams 

12,30 

12.60 


Fullness of meat 

12.40 

12.90 


Bacon type 

12.20 

12.70 


Percentage in grade A 

50 

92 



•Reference 21. 
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GENETIC CORRELATIONS AMONG TRAITS IN SWINE 

Two methods may be used to est.mate genetic correlations between 
traits One of these is to use statistical procedures to estimate the pr 
ability that many of the same genes affect two traits The other 1 
conduct experiments where selection is practiced for only one trait 
then determine the correlated response of other traits as progress is ma 

in selection h 

Considerable evidence indicates that genes that promote rapid gr 
relative to body size cause more efficient utilization of the food consumed 
This has been demonstrated by statistical studies 11 and by selection ex 
periments In the Illinois selection experiment 1 for rapid and for slow 
rate of gain, there was not only an average of 61 9 pounds difference in 
180-day weights in the 8th to 9th generations, but the slow line pigs re 
quired 3 64 pounds of feed per pound of gain and the rapid line pig 5 
required only 2 76 pounds of feed In the Alabama selection experiment 
for efficiency of gains 11 pigs from the efficient line made daily gains o 
1 40 pounds per day in the fifth generation of selection, while pigs f roTn 
the inefficient line gained 1 24 pounds per day In the Washington selec 
tion experiment for fast growth rate on a full feed and on a limited feed 
an increase in rate of gain through selection especially in pigs fed a hm 
ited ration, was accompanied by more efficient gams 

Some evidence for a negative genetic relationship between food utihza 
tion and maternal influence has been reported 11 10 However, rate of gain 
and milk production seemed to be more nearly independent of each other 
genetically A comparison of large type with small type swine indicated 
that the small type, which was thought to mature earlier, was poorer in 
milk production 32 This would suggest a possible negative relationship 
between early maturity and milk production 

A positive genetic correlation has also been reported between rate of 
gam and degree of fatness in pigs 11 However, in an experiment in which 
selection was based only on backfat thickness as measured by probes m 
the live hog at a weight near 175 pounds 2 thinner backfat seemed to be 
correlated with thicker muscling, greater length of carcass and higher 
fields of lean cuts In addition improvement in meat type seemed to be 
associated with faster rate of growth Unpublished results from swine 
testing stations in the U S indicate rather clearly that meat type hogs 
grow as fast or even faster than lard type hogs 

INBREEDING RESULTS IN SWINE 

Experiment stations m the Regional Swine Breeding Laboratory 7 have 
been developing inbred lines and studying inbreeding effects One hun 
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dred twelve inbred lines were started at the various stations, some from 
purebred and some from crossbred foundations. In all cases, an attempt 
was made to obtain as good stock as possible from which to form the 
inbred lines. Many of the original lines were dropped after a year or two 
because of poor fertility or performance. Other lines were retained, and 
in some cases, two inbred lines were crossed to form a new inbred line. 
The results of these studies have shown that, although some inbred lines 
performed fairly well, there was a general decline in performance, with 
some traits being affected more than others. In addition, a few inherited 
defects due to recessive genes, such as hemophilia, 7 were revealed and 
caused these lines to be discarded. 

A summary of inbreeding effects on performance traits is given in Table 
29. The data was obtained on 538 litters from four different stations, and 
the inbreeding ranged up to an average of 41.7 per cent for some of the 
lines. Inbreeding of the pigs affects their performance directly because of 
their genetic constitution, whereas the inbreeding of the dams affects the 
pigs through the maternal environment provided them from conception 
to weaning. It will be noted that the genetic constitution of the pigs, or 
their own inbreeding, caused a decrease in litter size at birth, 21, 56, and 
154 days, with the effects becoming progressively less as the pigs grew 
older. This indicates that the vigor of the pigs was adversely affected by 
inbreeding, and the death loss before and after birth increased as the 
degree of inbreeding increased. The inbreeding of the pigs had little or 
no effect on their growth rate up to 56 days of age, but at 154 days there 
was 3.44 pounds less weight per pig for each 10 per cent increase in in- 

TABLE 29 


CHANGE IN PERFORMANCE FOR EACH ID PER CENT INBREEDING FROM 
INTRASEASON COMPARISON OF LINECROSSES 
AND PARENTAL INBRED LINES* 



Inbreeding of. 


Dams*** 

Litter size at birth 

-0.20 

-0.17 

Litter size at 21 days 

-0 35 

-0.31 

Litter size at 56 days 

— 0.38 


Litter size at 154 days 

-0.44 

-0.28 

Pig weight at birth (lbs.) 

0 02 

-0.06 

Pig weight at 21 days (lbs.) 

0.08 


Pig weight at 56 days (lbs.) 



Pig weight at 154 days (lbs.) 




•Reference 12 

••Utter size adjusted to zero difference in age of dam 
•••Dams adjusted to zero difference in litter inbreeding data 
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breeding. Inbreeding seemed to affect rate of gain less than it affected 

survival rate. , 

As shown in Table 29, inbreeding also affected the performance of toe 
sow. Increased inbreeding of die sow resulted in a reduction in litter size 
and, to a lesser extent, the weights of the pigs. Since litter size up to the 
time of birth is determined by the ovulation rate and embryonic death 
losses, the results show that these factors were affected adversely by in- 
breeding. Maternal influences on pig weight after birth and up to 154 
days of age are a reflection of milking and mothering ability of the sows. 
Inbred sows were inferior to non inbred sows in this respect. 

Inbreeding also delays the onset of sexual maturity in gilts 27 and in 
boars . 15 Reports from farms indicate that inbred boars do not perform 
as satisfactorily as non inbred boars because of a lack of mating desire, or 
libido. This causes a delay in the time of farrowing and may result in 
considerable economic loss, because pigs should be marketed at a definite 
time to command highest prices. For this reason, few inbred boars are 
sold for breeding purposes, and usually breeders prefer to sell line-cross 
boars. Inbred gilts generally produce fewer eggs during estrus and farrow 
smaller litters than those which are not inbred. 

Inbreeding does not seem to have an adverse effect on economy of gains 
in swine . 7 In fact, in some lines, economy of gain seemed to improve 
sornewrhat when inbreeding accompanied by selection for greater efficiency 
was practiced. 

Few data are available on the influence of inbreeding on carcass qual- 
ity, but this influence seems to be very small or nonexistent 


PERFORMANCE OF CROSSES OF INBRED LINES OF SWINE 

The main purpose of developing inbred lines is to make the lines ho- 
mozygous, these are then crossed to determine which combine well for 
commercial production The actual performance of the inbred lines does 
not seem to be a good indication of their combining, or nicking, ability. 
Therefore, the only sure way to find if lines will “nick’* is to cross them 
and observe the performance of the crossbred offspring. 

Data summarized in Table 30 show the performance of inbred lines as 
pure lines and when combined in crosses. The inbreeding of each of the 
three lines ranged between 25 and 30 per cent. Their performance was 
poor as inbred lines, but when they were combined in a three-line cross 
using crossbred Land race x Poland sows as dams and Duroc boars as 
sires, performance was excellent. Thus, the performance of pigs depends 
not only upon the kind of genes they possess, but upon the ability of the 
genes to work together or complement each other when combined prop- 
erly. r 
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TABLE 30 


ILLUSTRATION OF THE NICKING EFFECT OBSERVED FROM 
CROSSING THREE INBRED LINES OF SWINE* 


Characteristics 

Inbred 

Durocs 

Inbred 

Polands 

Inbred 

Landrace 

3-line 

cross 

Avg. of 
3-lxnes*** 

3 -line cross 
as % of avg. 

Number of litters 

47 

76 

65 

60 



Litter size at 
birth 

7.59 

7.61 

8.67 

9.94 

7.87 

126.3 

Litter size at 56 
days 

5.26 

4.57 

6.15 

8.39 

5.31 

158.0 

Litter size at 

154 days 

4.77 

4.16 

5.45 

8.06 

4.79 

168.2 

Litter weight at 
birth (lbs.) 

23.77 

26.48 

26.59 

32.33 

25.15 

128.6 

Litter weight at 

56 days (lbs.) 

170.78 

168.03 

224.32 

326.12 

183.48 

177.7 

Litter weight at 
154 days (lbs.) 

765.18 

694.51 

870.18 

1544.58 

773.76 

199.6 

Wt. per pig at 
birth (lbs.) 

3.13 

3.48 

3.07 

3.25 

3.20 

101.6 

Wt. per pig at 56 
days ( lbs.) 

32.47 

36.77 

36.47 

38.87 

34.55 

112.5 

Wt. per pig at 

154 days (lbs.) 

160.42 

166.95 

159.67 

191.64 

161.87 

118.4 


i SSS-SSSH 

each line as was present in the 3-line cross 

Detailed studies o£ the performance of line crosses “ 
inbreds has been made at a number of experimental .tat om i .n i the Re- 
gional Swine Breeding Laboratory.-' The results of these studies how ha 
* ^.„ or c P i v fleeted bv inbreeding are those that shots 

economic traits most adversely anectea uy b _ r _i nf 

. i nrp crossed. Information on several oi 

the greatest response when lines are cr . TP . 

these experiments is presented in Table SI. Among the «m.« most re 
sponsive to crossing are litter sire and weight at 56 days ‘ a " d P“ 

weaning rate of gain. Efficiency of gains and carcass traits were unproved 

V ^o;:r. y ,i= pigs possessed more fat than inbred Simiffir 
results were also obtained*- when Landrace X Poland I\ pip com 
pared with the average of the inbred parent lines for backfa , P ™ "J" 
live hoes at 200 pounds. In this study, crossbred pigs exceeded the a 
age of the two parenta! lines by 0 5 per cent in bacLfat «h,cLn«s measured 
only in inbred gilts of the two lines and gills of the crosses of these 
lines. 
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TABLE 31 


VARIOUS TRAITS IN TWO- LINE CROSSES AS 

AGE OF THE AVERAGE OF THE TWO INBRED PARENTAL 
LINES* 


Tuo-hnc crosses as a per . cen L t 
Trait 0 f ihe tico pare ntal inbred lines 

Litter size at birth 
Litter size at 56 days 
Weight per pig at 56 days 
Weight per Utter at 56 days 
Postweanlng rate of gain 
Postweanlng efficiency of gain 
Carcass 

Dressing percentage 
Per cent lean cuts 
Backfat thickness 
Per cent fat cuts 

•References 4 6 9 18 22 31 of 

••Most data adjusted for age of dam where appropriate but not for Inbreeding pa "Ji rv 
the Increase over the parental Inbred lines therefore Is heterosis and part Is rec J 
from Inbreeding effects 

Sows from two-line crosses of the same breed have been bred to boars 
from a third line within that same breed and comparisons made between 
the performance of the two line and three-line cross pigs® In this com 
panson at the Oklahoma Station the pigs of the three line cross had the 
benefit of having non inbred mothers The two-lme cross sows definitely 
exceeded inbred sows in numbers of pigs farrowed and weaned They also 
exceeded non inbred sows of the same breed 

Crosses of lines from different breeds usually show more hybrid ug° r 
for litter size and growth rate than crosses within the same breed This 
suggests that for best results in crosses it is very important to cross those 
lines that are as far apart as possible m their genetic origin and relation 
ship 28 

Studies were made at the Purdue Station in which crosses of various 
inbred lines were compared with purebred non inbred controls and with 
crossbreds of the conventional purebreds These results showed that line' 
crosses of mbreds were superior to the controls especially in the number 
and weight of pigs raised to 154 days 


108 5 
120 8 
112 3 
139 8 
114 8 
105 4 

100 9 
100 0 
104 1 

101 6 


TOPCROSSING 

Topcrossing refers to the use of inbred boars on sows of various breeds 
which may or may not be inbred It is more practical to use inbred boars 
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for crossing purposes than it is to use inbred sows and gilts. The boar 
affects its offspring only in a genetic way, whereas the inbred sows and 
gilts must provide much of the environment for their pigs during both 
pregnancy and lactation. Since inbreeding causes a decline in vigor of 
the sows as well as of the pigs, inbred sows would be at a disadvantage 
from a practical standpoint as compared to non-inbred sows because of 
their inferior fertility and mothering ability. In addition, it would be 
more costly to furnish inbred sows to a fanner than it would inbred 
boars because of the larger number required and the greater expense of 
producing them. 

The Wisconsin Station 13 made a comparison of the progeny of inbred 
and non-inbred boars used in two-sire herds on Wisconsin farms. In this 
study, it was possible to compare records of test litters on the same farms 
in the same seasons. The data included records of 38 boars from several 
inbred lines and pigs from 680 litters produced on 44 farms. It was found 
that litters by inbred boars from four of the inbred lines definitely were 
superior to those of litters by non-inbred boars, as evidenced by the per- 
formance of their litters. It was concluded that inbred lines differ in their 
ability to combine with non-inbred stock. Thus, for topcrossing purposes, 
some lines are superior and others are not, and considerable testing is 
necessary to find those inbred lines with superior crossing ability. 

In the same study 13 200 gilts from litters by inbred boars were com- 
pared with 238 litters by non-inbred boars on the same farms. Topcross 
gilts from inbred boars produced an average of one more pig per litter, 
and their litters weighed an average of 37 pounds more at weaning time. 


CROSSBREEDING RESULTS WITH NON-INBRED STOCK 

Many experiments have been conducted to determine the merits of 
crossbreeding for the production of market hogs. Much has been written 
about the pros and cons of crossbreeding. Commercial hog producers have 
used it as evidenced by the fact that approximately 85 per cent of the hogs 
in the United States marketed commercially are crossbreds. 

Results of several studies of crossbreeding in swine are summarized in 
Table 32. In some of these studies, where only two-breed crosses were 
involved, both parental breeds were not available to compare with the 
performance of the F t . Since several studies were averaged, however, the 
performance of crossbred pigs as compared to purebred pigs from one of 
the breeds, especially that of the dam, should give a fair estimate of the 
amount of heterosis involved in a two-breed cross. 

Heterosis from a two-breed cross represents increased vigor only in the 
crossbred pigs, since the dams in each case are purebreds. Results sum- 
marized in Table 32 show that litter size at farrowing was slightly smaller 
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TABLE 32 


illustration of the amount or hybrid vigor* in crosses of 

NON-INBRED BREEDS OF SWINE* * 


Trails 

2 -breed cross 
as a per cent 
of purcbreds 

2 -breed cross 
as a per cent of 
2 -breed cross 

3-breed cross 
as a per cent 

of purcbreds 

Litter size at birth 

99 

108 

107 

Litter Sl2e at 56 dayB 

119 

123 


Weight per pig at 56 days 

107 

100 


Weight per litter at 56 days 

12S 



Postweanlng rate of gain 

107 

100 


Postweanlng efficiency of gains 

99 

101 



•Hybrid vigor Is estimated by subtracting 100 from each of the above figures. 

••References 5, 17, 23, 25, 30. 

in purebred sows bred to boars of another breed than in purebred sows 
bred to boars of the same breed. The difference is small and may be due 
only to sampling error. 

Litter size at birth is determined by the number of eggs produced by 
the sow at the time of ovulation, by the number of eggs that are fertilized, 
and by the number of embryos and fetuses that sunive to birth. In these 
experiments, since sows producing pjgs were from the same breed, and 
within each experiment they were maintained under similar environ- 
mental conditions, ovulation rate should be the same regardless of 
whether sow’s produced crossbred or purebred pigs. If true, fertilization 
rate and the degree of embryonic death loss would be the two factors re- 
sponsible for differences in litter size at birth between purebred and two- 
breed cross pigs We can only conclude from the data presented that 
embryonic death loss seemed to be as great in crossbred as in purebred 
pigs. It should be pointed out. however, that a lower rate of fertilization 
when sow’s are mated to crossbred boars than when they are mated to 
boars of the same breed could reduce litter size at Farrowing, even if em- 
bryonic death loss were greater in purebred pigs. We have no experi- 
mental evidence to offer that would suggest that this is true, however. 

Litters of crossbred pigs from the two-breed cross averaged 28 per cent 
heavier at weaning than litters of purebred pigs Most of this improve- 
ment was due to less mortality in the crossbred pigs between birth and 
weaning, but some of the improvement was due to their slightly heavier 
weaning weights. Crossbred pigs also made slightly faster gains from 
weaning to market weight, but there was little or no difference in the 
amount of feed required per unit oE gain. 

At the Iowa Station, 23 purebred sows were double mated, so that some 
of them produced both purebred and crossbred pigs in the same litters. 




FIGURE 55 Two 

BREED CROSS PIGS OUT OF 
A PUREBRED SOW ONLY 
THE OFFSPRING BENEFIT 

in this case (Courtesy 
of the University of 
Missouri ) 



By making matings in this way, vanauom i such mat . 

could be controlled more accurate ly The crossb, red I >,g ^ ^ ^ 
ings were more vigorous at bin sumv J f Q we aning Crossbred 

and a larger percentage o£ those Ta purebreds at weaning 

straws 

formance ot the 3 breed cross over’purebred sows 

Th, gives an est.mate ol . - ™ wing than purebred sows. 

Crossbred sows produced larg cent T i, e greatest ad\an- 

with the advantage averaging abou gjP ^ ^ morc plgs lo van- 
tage o£ the crossbred sows was in d Y sows by 23 per cent in this 

ing age Crossbred sows exceeded p 



FIGURE 56 pigs from 

A THREE BREED CROSS OUT 
OF A CROSSBRED SOW Tilt 
THREE BREED CROSS CUES 
ADDED HYBRID MCOR IN 
THE SOW NOT FOUND IN 
THE TWO DREED CROSS 

(Courtesy of the Uni 
vers its of Missouri ) 
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particular trait. Most o! the advantage of crossbred soot is^vident by the 

Le the pigs are waned. Crossbred pigs iron , 

no faster nor made more economical gams than crossnrcu p b 

br Ac"on of the performance of the three-breed crosses wth that 
of nurebreds gives an estimate of the combined hybrid vigor in 

averaged 51 per cent for litter wight a, waning and 
large enough to be of great value in commercial pork. production. 


CONCLUSIONS REGARDING CROSSBREEDING IN SWINE 

The preceding discussion has shown rather clearly that the 
vantage of crossbreeding in swine production lies in the resulting in 
in the size and weight of the litter at weaning and, in some insta • 
slightly faster rate of gain from weaning to market weight. Most o 
advantage due to crossbreeding is due to the increased vigor of the p B 
and, to a certain extent, the vigor of the crossbred sows. 

Crossbreeding has certain disadvantages that should be pointed o ■ 
Quite often, crossbreeding results in the production of pigs that 'ary 
widely in coat color. Some people consider this a disadvantage, " icrc 
others do not. It is possible, however, by watching the color of the bvc s 
or lines used for crossbreeding, to control coat color so that it is uniform 
in the crossbred offspring. This may be done simply by using breeding 
animals all of one color or by using boars from a line or breed that is 
dominant in color to that of the sows used for breeding purposes. In t e 
latter case, the boar must be homozygous dominant for all pigs to be o 
one color. _ 

Crossbreeding alone will not cause much improvement in traits suen 
as economy of gain and carcass quality. In other words, crossing parents 
from two families that are too fat will not give offspring of meat type* 
Or crossing two strains which are not efficient in their food utilization 
will not give efficient offspring. These traits must be present in the two 
strains or breeds that are crossed if they are desired in the crossbred off- 
spring. 


SYSTEMS OF CROSSBREEDING 

To be successful, the commercial hog producer must follow a definite 
and systematic crossbreeding program. Several crossbreeding plans may be 
used for commercial pork production. 

One plan is to use either purebred or very high grade sows and mate 
them to a purebred boar of another breed This is referred to as a single 
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cross. The sire in this system of crossbreeding should come from breeds 
and herds which are superior in conformation and performance and es- 
pecially noted for production of meat-type pigs. Sows should also be se- 
lected on a similar basis, but with special attention to fertility and nurs- 
ing ability, along with performance and carcass quality. The chief is- 
advantage of this plan is that if it is followed in its entirety, all breeding 
stock must be discarded sooner or later, and the breeder must start over 
again. Another disadvantage of such a system of crossbreeding *s that the 
swine producer does not take advantage of the hybrid vigor in the cross- 
bred sows, because only purebred sows are used. . 

Another system of crossbreeding is referred to as backcrossing 
•'crisscrossing." In this system, a single cross between two breeds is made 
first, and from their offspring crossbred gilts are mated bade to a boar of 
one or the other of the two original breeds. From the offspring of th 
mating, the crossbred sows are mated with a boar from the other of the 
two original breeds. This plan will result in about two-thtrds of the in- 
heritance of the pigs coming from the breed of the boar used last and 
one-third from the other breed. When this system is followed on a long- 
time basis, it should be possible to retain some of the hybnd vigor origi- 
nally obtained in both sows and pigs, but some of this is lost after the 

^ A thi'rd^and 'different system of crossbreeding is used ^ quite 1 tridely by 
commercial swine producers. This is the three-breed “ 
of crossbreeding, in which purebred boars from the d Serem breeds are 
used in rotation on selected crossbred sows In t.us sy«em o: [ breed ng an 
attempt is made to retain the advantage from hybrid v tgor that was at 
tained when the first crossbred sows were used for b^mg purpos^ 
The optimum amount of hybrid vigor ,s attained ‘he t^ree breed 

cross, and after that in the four-breed or fi ve- b reed cross one mer. ly at 
tempts to retain that level in later generations. Contrary to the beliefe o 
1 c . . r\r fmir-breed boar rotation as described 

some persons, using a “^^ .f ^ oThetcrosis after several gen- 
above does not cause a decline in me ic 

.1... - ~ 

>- s“» •“i 

also be selected on this basis. . .. . « 

'xxtjz p p>f 

no, highly homozygous, 
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tliere may no, be any 

Hashed. U rbou.d >« exploited » *e «** 

extent. 


kinds of gene action affecting swine traits 

Having discussed the heritability of traits 
breed, ng eilects on these traits tn ssstne. vse should be : m pc “ nl 

male some estimate of the binds of gene acuon that a ect h P° 
economic traits in stvine Each trait may be afft teed by set , era U . n 
gene action, but the proportional influence of some may be gr 
others Data are summarised ,n Table S3 to shots- *«** non . 

Utter sire and tscight at tseamng seem to be aflected grea y ) 
ailditise eene action, tshtch includes dominance, oterdominance, 
epistasis. The evidence for this is that the heritability °l these < 
low and effects of inbreeding and crossbreeding hat e considerable 
ence on these traits. Little progress could be made in selection 
traits by mating the best to the best; the most improvement would 
from crossing distinct lines from different breeds that genetically are 
unlike as possible, to take advantage of heterosis To improve these 


TABLE 33 

KINDS OF GENE ACTION AFFECTING IMPORTANT ECONOMIC TRAITS 
IN SWINE 


Trail 

Herit- 

abihty 

1 

Effects of: 

Proportion of genetic 
variation due to 
different types of 
gene action 


■I 


Crossbreeding 

Nonadditive 

Additive 

Litter Blze and 
weight at weaning 

llow | 

i large 

large 

large 

small 

Rate ol gain, wean- 
ing to market wt. 

Imoderate 

moderate 

moderate 

moderate 

.moderate 

Economy of gain, 
weaning to mar- 
ket wt. 

(moderate 

Ito high 

small 

small 

very 

small 

large 

Conformation 

Ihlgh 

moderate 

moderate 

moderate 

large 

Carcass quality 

Ivery 

[high 

very 

small 

very 

small 

very 

small 

large 
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crossing, and not selection within a pure line, strain or breed, should be 
practiced 

Rate of gam from weaning to market weight is about 30 per cent herit- 
able and is affected only moderately by inbreeding and crossbreeding 
This suggests that both nonadditne and additive gene effects are mod 
erate, and that some progress should be made by selecting for improved 
rate of gam through selection on the basis of individuality and families 
within a pure line Some improvement could also be made m this trait 
by crossing lines of known superior combining ability 

Economy of gain from weaning to market weight is affected little by 
inbreeding and crossbreeding, and the heritabihty of this trait is about 
38 per cent Therefore, the evidence indicates that economy of gain is 
affected mostly by additive gene action, and selection for this trait within 
a pure line should be moderately effective Possibly this trait would be 
more highly heritable if environmental variables such as feed wastage 
could be controlled more effectively Results of the Danish Pig Testing 
Stations 29 indicate that considerable progress has been made in selecting 
for this trait, with feed requirements per pound of live weight gam being 
reduced from 3 44 to 2 97 in the past 30 years 

Heritabthty of carcass quality in swine seems to be high and inbreeding 
and crossbreeding effects very small Thus, the additive type of gene ac- 
tion seems to be very important for this trait, and selection on the basis 
of family is the method indicated Selection on individuality cannot be 
practiced, because the trait cannot be measured until after death, with 
the exception of backfat, which can be measured in the live animal That 
selection for improved carcass quality is effective is borne out by the re- 
sults in Denmark, where considerable progress has been made through 
selection on the basis of family 29 The meat-hog certification program of 
the various breed associations m the United States is based on the high 
heritabihty of most carcass traits, and progress is being made in finding 
within tlie breeds those strains of inherent superior meat type, and the 
numbers of meat type hogs is being increased by this selection procedure 

Items associated with conformation arc, in general, highly heritable, 
but little has been reported concerning inbreeding and crossbreeding ef- 
fects It would seem, however, that any decline in vigor, such as observed 
on inbreeding, would result m less desirable conformation This is par- 
ticular! ) true of sound feet and legs and bloom of the coat, which is as- 
sociated with vigor Crossbreeding, on the other hand, should improve 
some items of conformation because of mcrciscd vigor, and might be more 
favorable to the development of sound feet and legs, especially if these 
traits arc influenced by rcccssivcgcncs T he high heritabihty of mos! items 
of conformation, however, indicates that considerable progress should be 
made in selection for these trails within pure lines, siraim, and breeds 
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Since different kinds of gene -ion nee " "Ta 
economic traits than for others, an sine improvement, how 

of selection and breeding method to make the most “”P^ ^ im . 
can we make the best possible use of this knowledge •» «« “ tor 

provement! This is an important question, because w 
one trait alone in swine, bu, are interested in our 

obviously we must apply as much selection pressure l" affected by 
pure breeds for those traits that are highly heritable and a < 
additive gene action. This should result in the rmprovement o such 
in our pure strains and breeds. Then, .0 take advantage rfhc c os ^ 
traits such as litter size and weight at weaning, we must cossthosel ^ 
that are superior in the other traits such as carcass quality, eco y 
X and, fo a lesser extent, rate of gain. Obviously if OOSting ha, very 
little or no effect on these trails, we can expect the crossbreds V 
equal the average of the parent lines or breeds for these P— r 1 | 
This is an important point often overlooked by breeders, for t y 
understand that crossbreeding does not improve all traits. 

Because some strains and breeds seem to be considerably superi 
others in degree of fertility, more satisfactory results should be ° btain 
when lines or breeds are crossed which are of high fertility. Heteros 
effects, in addition to the average effects of the parents, should give muc 
more satisfactory results for this trait than the crossing of two lines o 
strains that are decidedly inferior in fertility and prolificacy. 


PROGRAMS FOR SWINE PRODUCTION 

The foregoing discussion of breeding and selection systems for swine 
make it very obvious that improvements can be made in swine throug 
attention to breeding methods, but improvement will be much slower m 
some traits than others, and different systems of breeding and selection 
may be required for each. The kind and amount of selection to apply 
will depend upon the purpose for which the animals are produced or 
the objective the breeder has in mind. Attention to disease control, man- 
agement, and proper nutrition geared to the needs of the animals at vari- 
ous periods during life are necessary for a successful pork-production en- 
terprise We shall outline only those factors related to the improvement 
of swine through breeding methods. 

Production of Purebred Swine 

The first step in swine production of any kind is to set up a system of 
record-keeping for each pig and sow in the herd. Examples of records are 
shown m Figure 57. At birth, each pig in the litter should be given an 
individual number, and the date recorded. 
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• n _ m , v be obtained merely by weighing 
Litter sire and weight at w can S ' > following birth. Or. litters may 
tch pig or the entire li tter on the a > . Me aml corrected to a 5G-<lay 
e weighed as near to 5G days of g • P ^ lhis chapter. These 

asis by means of correction factors give" ‘ rccord book so ,hey can 
• eights should be recorded in a P c ' ■ b largest and heaviest 

ater be used for selecting breeding stock from targ 

itters. 
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Records should be obtained on the daily rale of gain from shortly after 
weaning to a market weight of near 200 to 220 pounds. Efficiency of gain 
made during this period would also be desirable but seldom can be ob- 
tained for each individual pig because it is not practical to feed them 
individually. If this cannot be done, it would be desirable to feed pigs by 
litters and obtain the amount of feed required per 100 pounds of gain by 
the entire Utter. Sometimes this is a problem because of the necessity of 
feeding boars and gilts together, which may result in some of the gilts 
being bred before the final weight is obtained. Boar and gilt pigs may be 
fed separately if the breeder desires, and if trouble is experienced with 
the boars ranting toward the end of the feeding period, final weights 
should be taken so records can be made before this occurs. 

If room is not available to feed entire litters, samples of two to four 
pigs per litter from several litters by the same sire may be fed together. 
Although the economy of gain fay Utters will not be obtained by such a 
method, it may be obtained for different sire groups, where more than 
one sire is used for breeding purposes in a given season. 

Several precautions should be taken to insure comparable records for 
Utter or sire groups. Comparable beginning and ending weights for all 
pigs are necessary, and all pigs should be fed tire same ration and handled 
in the same manner so as to hold environmental variations to a minimum. 

FIGURE 58 The amount of bacxfat in the live animal 

may BE MEASURED BY US1NC A METAL PROBE OR RULER WHICH 
MEASURES TO THE NEAREST TENTH OF AN INCH (COURTESY OF 

the University of Missouri) 
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Purebred pigs that are being tested should be fed and handled in as 

^Type ^roTe^s'hould ^tTolRainetT on all 'pigs ^t 'near 200 pounds and 
recorded for selection purposes. cif m when thev 

iJftTJS poundsjare £ 

Search 

used for gihs and 

barrows will have from u.^5 to u. _ individuals or litters 

rx “ ;*x;« <X 

traits are also desirable. . , , , - in selection whenever 

Records on carcass data are o “nsi Utions . Carcass data on not less 
they can be obtained under practic slaughter weights should 

that 1 -o pigs per litter should be depth of 

range from 200 to 220 pounds, obtained. When 

X 

XSXn „,„d , - 

to select those breeding amma s obtained, purchases should 

carcass quality. When new br ff ‘"f rs S ‘^ 0 ^ep'rlcorfs as those listed in 
be made, when possible, from breeders who keep 

this section. 

Production of Market Hogs 

1 r^nuires the greatest efficiency pos- 

Since commercial pork P rod “ 1 ,Xj bc followed. But even if this 
sible, some system of crossbreeding superior stock for breeding 

is done, it is still extremely imporian retain females from their 

purposes. Most breeders will find it records on the 

own herd for replacement pnrpos ’ b cttcr adaptctl to the comb- 

herd and their relatives and the am , j o[ar as practical, the 

.ions of the farm where they have ^ea t ” purebred 

commercial producer should keep the same 

breeder. ... , entirely on the purebred 

The commercial pork producer re 1 Ic - s j nlcr estcd. therefore, in 

breeder for die boars he uses in his • samc mannC r as the pigs 

obtaining production-tested boars , bcl . Many commerrial pro- 

will bc that lie intends to produce tor -. salualioll stations now 

dticcrs arc purchasing top boars from the swu>c-c 
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operating in various parts of the country. Boars from certified meat-type 
litters should also be used whenever it is possible to obtain them. 

A three-breed rotation system of crossing is now very’ popular in the 
United States. This system takes advantage of hybrid vigor in both sows 
and pigs, and although most of the advantage is gained in the first three 
crosses, proper emphasis on selection of boars and sows will almost main- 
tain this advantage in later cycles of the rotation. Such a system naturally 
brings up the question of what breeds and lines should be used in the 
crossing program. At the present time not enough data are available on 
different breeds to make sound recommendations, but some general prin- 
ciples may be followed. Regardless of the breed, boars should be selected 
from strains where the sows are prolific and good mothers and where pigs 
make rapid and efficient gains and possess good carcass quality. Boars 
should be selected that are especially strong in those qualities in which 
the sows are weak. Obviously, the various breeds that have boars of this 
kind must be available in his area if the commercial pork producer plans 
to use them for crossing purposes. 

Still another point to consider in the choice of breeds to use in a cross- 
breeding program is how far apart the breeds are genetically. In other 
words, were they developed in different countries from different genetic 
material? Research work shows that the greatest improvement from 
crossing is obtained from crosses of this kind. 

Some of the new breeds of swine have been developed to be used for 
crossing purposes, and producers of seed stock of this kind can make 
recommendations to individual pork producers as to what breeds to use 
in a rotation system. The producer of seed stock is very careful about his 
recommendations, because later sales will depend upon whether or not 
his customers are satisfied. 



FIGURE 59 Minne- 
sota No. 3 GILT FROM 
ONE OF THE NEWER 
SWINE BREEDS (COUR- 
TESY of the Animal 
Husbandry Depart- 
ment, University of 
Minnesota.) 



good meat type. In addition, many o£ them were 
performance-testing the breeding stoch, an as a 


developed by means of 
result, their production 


is at a desirable level. . - j _ n( . f 0 f them per- 

In spite o£ the fact that the new b-eds are tnbred, most ^themp^ 

form very satisfactorily from the t star i pot ^ As might be expected, 
the rate of gam from weaning to m g within eacii 

however, there are differences etween 34. Many of 

breed. Information about the new breeds is given in 


TABLE 34 


NEW nlK EDS OF SWINE IN THE UWnBPmTES 

Per cent 

, Year breed Year breed inbreeding 

Foundation breeds and recognized when 

Breed percentage contribution g recognized 


Minnesota No. 1 Tamworth 52% 

Landrace 48% 

Minnesota No. 2 Canadian Yorkshire 4C% 1942 

Poland 60% 

Montana No. 1 Hampshire 45% 

Landrace 55% 

Maryland No 1 Berkshire 37% 

Landrace 63% 

1935 

Bettsvillc No. 1 Poland 25% 

Landrace 63% 

Belts ville No. 2 Danish Yorkshire 5E% 1940 

Du roc 32% 

Landrace 5% 

Hampshire 5% 

San Pierre Berkshire 71 

Cheater White 71 

Pa louse Cheater White 47% 1945 

Landrace 53% — 
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TABLE 35 

performance of sows from new breeds as compared to those 

FROM OLDER BREEDS* 


Characteristics 

Purebreds 
not inbred 

Sew breeds 
or lines 

■Number of Utters farrowed 

4435 

3180 

Number of litters weaned 

4203 

2985 

Number of pigs farrowed 

36965 

26463 

Number of pigs weaned 

25933 

20418 

Percentage of pigs weaned 

70 2 

71 7 

Number of pigs farrowed per litter 

8 33 

8 95 

Number of pigs weaned per litter 

6 17 

6 84 

Percentage of litters weaned 

94 80 

93 90 


•Data in this table adapted from reference A Table 2 page 275 


the new breeds were developed specifically for crossbreeding purposes 
and some of them are used in rotation crossing systems at the present 
lime Some of the new breeds have become more popular than others 
because of the more desirable traits they possess and because of their 
crossing ability A summary of the production of new breeds as com 
pared to the old breeds in the United States is presented in Table 35 
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Questions and Problems 


1 What is meant by economic traits m swine? 

2 What does total fitter weight at weaning telf us about the performance ol 
swine? 

3 Discuss some of the difficulties encountered in measuring the efficiency of 
gains in swine 

4 What is gained by feeding pigs individually as compared to feeding them in a 
group? 

5 Would selection for improved rate of gam cause a corresponding increase in 
the efficiency of gam? Why? 

6 List those important economic traits that possibly can be improved by selec 
lion in a purebred herd Why can they be improved? 

7 What important economic traits are improved by crossbreeding? Why? 

8 How do we know whether or not improvement in swine performance in 
Danish Swine is due to heredity or environment or both? 

9 What are the mam effects of inbreeding in swine? 

10 What is meant by toperossmg and how may it be used to advantage m swine 
production? 
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11. Outline the different systems of crossbreeding in swine. Which of these would 
)ou recommend to the commercial pork producer and why? 

12. Outline in detail a breeding system for the production of purebred swine. 

13. Outline in detail a breeding system for commercial swine production. 

14. Why is it important to know something about the kinds of gene action affect- 
ing important economic traits in swine? 
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Systems of Breeding and 

Selection in Beef Cattle 


Information on beff cattle breed* 
ing is not as complete as that on swine. One reason for this is that exten- 
sive and cooperative efforts toward a comprehensive study of breeding 
principles in beef cattle were initiated relatively recently Another reason 
is that progress is slower in beef cattle breeding because the interval be- 
tween generations is considerably longer in cattle than in swine, and 
cattle are much less fertile than swine. Cattle usually produce only one 
calf per year, whereas a sow may produce two litters per year, each con- 
sisting of eight to ten pigs. 

Much work is now being done in beef-cattle breeding, and considerable 
progress has been made in developing breeding principles for this species. 
In this chapter, important beef-cattle breeding principles will be pre- 
sented, and it will be shown how they may be used for improving the 
performance and carcass quality of this species. 




FIGURE 60 These yearling steers have been gather£ 

FROM THE RANGE AND ARE HEADED FOR THE SALES PENS MAN 
MILES AWAY. MUCH OF THE WESTERN RANGE COUNTRY PRC 
DUCES SPLENDID FEEDER CATTLE FOR THE FATTENING PEN* 
(Courtesy of the San Carlos Apache Indian Tribe, San 
Carlos, Arizona.) 

prise. Because o£ the wide variety of conditions under which cattle are 
produced, methods of management and feeding may vary considerably 
from one locality to another. However, methods of breeding for the ini' 
provement of beef cattle are very similar in all areas. 

The improvement of beef cattle through breeding methods requires 
that accurate and careful records be kept on all animals in the herd. This 
is done on many farms and ranches at the present time, and special auerv 
tion is being paid to a few traits of the greatest economic importance. 
These traits will be discussed in the next few paragraphs. 


Fertility 

Fertility may be defined in numerous ways, but the definition used here 
is the percentage of calves raised to weaning age from all mature cows in 
the herd. Such a definition, of course, includes numerous factors, such as 
the ability of a cow to rear a calf to weaning and her ability to conceive 
while raising that particular calf. Of course, fertility in a herd is also 
dependent on management and nutrition factors and the ability of a calf 
to survive from birth to weaning. 

Fertility as thus defined is one of the most important economic traits in 
beef cattle in all areas of the United States. In some areas, there is room 
for much improvement in this particular trait. A survey of the American 
National Cattlemen’s Association in 195G* showed that only 79 per cent 
of beef cows actually bred dropped live calves and only G2 per cent 
reared calves to weaning age. 

The percentage calf crop is an important factor in the efficiency of 
production, because dry cows cat almost as much as cows nursing calves. 




and they yield nothing but their added weight for that particular year H 
we assume that the cost of keeping a cow for a year is $100, the cost of 
each calf weaned is strongly dependent on the percentage calf crop 
weaned as shown below 38 


Percentage of Cost per 

calf crop weaned calf weaned 

100 S100 

90 $111 

80 $125 

70 $143 
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beef cattle . 30 Such conditions are more or less self-limiting, because the 
homozygous recessive individuals are usually of low fertility (some are 
sterile) and leave fewer offspring in the herd. 

The following points should be given consideration if the percentage 
calf crop is low and improvement is desired. 

1. Thoroughly in\ estigate the management of cows and bulls, making cer- 
tain that enough bulls are turned in the breeding pasture each year to 
assure that every cow has a chance to be bred. When only one bull is 
used, observe cows as often as possible to make certain that they are not 
failing to conceive, as evidenced by their coming into heat at regular 
internals during the breeding season. A fertility test on the bulls before 
the beginning of the breeding season will identify many of those of low 
fertility or those that are sterile. 

2. Make certain that the nutrition level, quantity and quality, is adequate 
and that diseases which may affect fertility are not present in the herd. 

3. Cull cows that are hard to settle or those that are dry two years in suc- 
cession. This will remove all cows that are poor breeders because of 
disease, accidents (which may occur at calving time), and heredity. A 
pregnancy test each fall on ail cows will identify those that are not 
pregnant; these can be marketed when fat without being fed another 
year. 

4. Select breeding stock, both bulls and heifers, from cows that have a record 
of producing a good calf every year. 


FIGURE 62 Right, abnormal sperm of the bull. (A), 
Sperm with a coiled tail and (B), sperm with a proto- 
plasmic DROPLET NEAR THE BASE OF THE HEAD. LEFT, NORMAL 
SPERM OF THE RAM. THE STAINED CELLS WERE DEAD AND THE 
NONSTAINED CELLS WERE ALIVE WHEN THE SLIDES WERE MADE. 

(Courtesy or the University or Missouri.) 
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Weight or Calves at Weaning 

The percentage calf crop and the weight of each calf at weaning, com 
bined, are probably the two most important factors in beef-cattle procluc 
Cion The weaning weight of the calf is of importance, because this rep 
resents the pounds of production per cow per year This trait depends 
on the milk production of the cow and, to a lesser extent, on the ability 
of the calf to make fast and efficient gams 
Data presented in Table 36 show that the hcri lability of differences w 
weaning weights in beef calves is about 25 per cent with a range in 1 1 
different studies from —6 to +64 Thus this trait is affected to a certain 
extent by additive gene action but to a larger extent by environmental 
factors Careful selection for this trait should result in some impros ement 
over a period of years 

An average of seven different studies shows that weaning weights are 
about 46 per cent repeatable (Table 37) This means that the weaning 
weight of the first calf from a cow is a fairly good indication of the wean 
jng weight of her later calves Culling heifers or cows that wean light 
calves will tend to improve the over all average of the herd m later years 
with other factors remaining equal The fact that repeatability estimates 
average much higher than the hentability estimates (almost twice in 
fact) indicates that the maternal influence of the cow is an important 
source of variations in weaning weights of calves This influence is both 
environmental and genetic The environmental aspect includes the 
nutrition of the embryo in the uterus and the influence on the calf after 
birth mostly through the milk production of the cow 

TABLE 36 

HERITABILITY ESTIMATES IN PER CENT FOR VARIOUS ECONOMIC 
TRAITS IN BEEF CATTLE* 


Trail 


Weaning weight 

Weaning score 

Rate ot gain In feed lot 

Efficiency of gain In feed lot 

Slaughter grade 

Carcass items 

Dressing per cent 
Carcass grade 
Thickness of fat 
Area of eye muscle 
T enderness of lean 
•Averages from many report* 


No of 
studies 

Range 

Avg 

11 

- 6 to 64 

25 

8 

23 to 53 

33 

10 

26 to 99 

57 

5 

17 to 75 

36 

4 

38 to 63 

47 

4 

1 to 73 

46 

5 

16 to 84 

48 

1 


38 

3 


70 

2 


61 
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TABLE 37 

REPEATABILITY ESTIMATES FOR ECONOMIC TRAITS IN BEEF CATTLE* 


Trail 

No. of 
studies 

Range 

Average 

Calving interval 

2 

- 9 to 2 

4 

Interval from exposure to 
bull and calving 

I 

4 

14 to 38 

28 

Weaning weights 

7 

40 to 52 

46 

Weaning scores 

1 2 

19 to 21 

20 


♦Average of data from several sources. 


In selecting breeding stock for heavy weaning weights, all calves must 
he compared on as nearly the same basis as possible, and those with 
superior weaning weights retained for breeding purposes. In making 
comparisons, corrections should be made for as many important factors 
as possible. One important phase of research in beef-cattle breeding has 
been to identify factors of importance in causing variations in weaning 
weights and to develop methods of correcting for them so that compari- 
sons of individuals within a herd are more valid. 

All calves should be weighed as near the same age as possible. Some 
breeders prefer a standard age of 180 da>s, whereas others prefer 210 days. 
Determining the weight of each calf on a particular day of age would 
require that calves be weighed each day from the time the first one born 
reached the standard age previously decided on until the youngest one 
reached this age. Correction factors have been developed so that the 
members of an entire herd can be weighed all on one or two days, and the 
individual weaning weight corrected to a standard age basis. The follow- 
ing formula may be used for correcting calves' weights to a 210-day basis: 


Corrected 210-day weight 


WgSiSS Wl ' ~ Birt fr x 210 + Birth Wt. 
Age in days 


To correct to a 180-day basis, one merely needs to replace the 210 with 
180. 

Weaning weights of cahes should also be corrected for sex before 
selections are made. Correction factors for this purpose hate been dc- 
t eloped by the South Dakota Experiment Station’ and are as follows: 
Adjust to a bull basis (for purebred herds where bulls are kept) by 

1. Adding 45 pounds to heifer weights, or 

2. Adding SO pounds to steer weights. 

Adjust to a steer basis in herds not keeping bull cahes by adding 15 pounds 
to heifer weights. 
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The age of the dam is an important source of variations in Meaning 
weights of calves and corrections should be made for this before re 
of individual calves and cons are compared The South Dafcota P 
merit Station has also published correction factors for this purpos 
these are as follows 


: of dam 

Amount to add to 

1 years 

weaning weight (pounds) 

2 

60 

3 

40 

4 

20 

5-8 

0 

9 

10 

10 

25 

11 

35 

12 

50 


Adjustment for sex age of calf and age of dam are the only ones rec 
ommended at the present time and corrections for these will make com 
parisons for weaning weights more indicative of the producing ability o 
the cows and the genetic worth of the calf 

The following points are suggested to improve the weaning weights of 
calves through attention to breeding methods 

1 Identify each cow and her calf by a tattoo brand or some other means 

2 Keep continuous accurate records on each calf and correct weaning 
weights for age of dam sex of calf and age of calf 

3 Keep replacement heifers insofar as possible from those calves with the 
heavier weaning weights 

4 Cull cows especially younger ones that produce a light calf at weaning 

5 Select herd bulls of superior type and performance from a herd where 
complete and accurate records are available and from cows which have 
demonstrated their ability to produce a heavy calf at weaning year after 
year 


Rate and Efficiency of Gain in the Feed Lot 

The ability to make fast and efficient gains in the feed lot is an im 
portant trait in beef-cattle production This has been recognized for 
many years by beef cattle feeders It has also been noted that there is con 
siderable variation among different steers in their ability to make fast and 
efficient gains when placed on a full feed in the feed lot 

Many cattlemen have contended that it is possible to select the faster 
gaming and more efficient animals by paying attention to conformation 
Many studies however show rather clearly that this is not the case and 
that selection for performance on the basis of conformation is ineffectite 
Experimental research work at the U-S Range Livestock Experiment 
Station Miles City Montana several years ago indicated that the ability 




FIGURE 63 Both of 

THESE DULLS WERE FED 
THE SAME RATION IN THE 
SAME BARN FOR THE 
SAME LENGTH OF TIME. 

The bull at the top, 
HOWEVER, GAINED 3.22 
POUNDS PER DAY AS COM- 
PARED TO 1.79 FOR THE 

BULL AT THE BOTTOM. 

Much of this differ- 
ence WAS PROBABLY DUE 
TO INHERITANCE. (CoUR 
TESY OF THE UNIVERSITY 

of Missouri ) 


to make fast and efficient gains in the feed lot tvas more Prevafent m .the 

progeny of some bulls turned for ei/ht steers 

from the same station, during 1948 and 1949, showed striking 

each from 13 different s'res dl fi eren t sires When the progeny of the 
differences among progeny r ed there was a difference 

best bulls and those day m average 

of 211 pounds in the final feed g ^ costs Thus _ {or 

daily gams, and $45 in the retu P kh ielded 536 O more above feed 
eight steers, one bull sired proge y > 

costs than those of another ^bull ^ abn to ma ke fast and efficient 

Many later studies indicate rTable 361 Therefore, bull calves 

gains in the feed lot is highly -‘"^Ifast gams under the 
that make fast gains should s ^ of buI1 calves under standard 

same conditions. This has led t knosvn as performance-testing. 

periods and conditions; t us pra ^ bccause of , he time and expense 
Heifers usually are not full- fitted condition might 

involved and because it is possible that a h giM areas lry ,0 

interfere with their breeding for .hose with 

obtain performance-tested hulls houever, that performance- 

superior records. It should he mentioned here, hone 
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testing of bulls does not make them any better genetically It merely 
gnes a bull a chance to show whether or not he possesses the inherent 
ability to make rapid and efficient gains Before purchasing a performance 
tested bull, one should make sure that he has a good record 
A strong correlation exists between the ability to make rapid gains and 
the ability to make efficient gams in the feed lot A summary of six 
studies 3 * showed an average correlation coefficient of 0 45 and a range 
from 0 06 in one study to 0 69 in another This degree of correlation sug 
gests that bulls selected for rapid gams are likely to make efficient gains, 
although the correlation is not perfect If further research work indicates 
that the correlation is high enough, individual feeding may not be re 
quired so that bulk can be fed m groups and only the rate of gain 
during a certain period measured This would be much simpler and con 
siderably less expensive than individual feeding 

One important question is whether animals of superior inherent gain 
ing ability can be identified as accurately by feeding them a limited ration 
as by feeding them all they will eat. In one study, 41 the hentability of 
gam on a limited ration in dry lot vs as 34 per cent, and in the same steers 
later on a limited ration on pasture, the hentability of gains was 43 per 
cent Many of the same genes seemed to be responsible for fast gams 
during both periods In another study, 18 it w as found that animals making 
the fastest gams on the range also tended to make the fastest gams in the 
feed lot 

The hentability estimates for gains made on a limited ration on dry 
lot or on pasture were high enough to indicate that considerable progress 
could be made by selecting the faster-gaining cattle on such feeding 
regimes These hentability estimates however, are considerably lower 
than estimates for cattle on a full feed Although more data are needed 
to answer this question it seems that the most progress would be made 
by full feeding cattle for a minimum of 150 days and then selecting those 
which made the fastest gams Since such a practice is often impractical 
on the farm the next best plan would be to select the animals that made 
fast gains on either pasture or a limited ration 

On the basis of evidence at hand the following recommendations 
should be made on the performance testing of animals 


1 OI l ly bul1 ? ^ at show P romis « £rora the standpoint of their own in 

distduality and that of each parent. 

2. Bulls to be compared should not sary in age by more than one or two 
months 

J Bull, u, be compare ,hould ha,, , lmnhr 1Kt ,„ v , ronmenu n,,, „ 
do no, compare bull, »h,ch ha,e been creepled mlh thoK „h.ch ha,e 
. ~ thcr thu, S* being equal, thinner calves should make faster gams 
on leed b 

•i UK a, erase o! ,»o »c, s hts ulen a, lea,, t*o da), aparl for the mmal 
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and for the final test weights Bulls should be shrunk on weigh day for 6 
to 12 hours Differences m fill can account for as much as 40 to 60 pounds 
of apparent gain 

5 Use the same feed for all bulls and see that they have equal opportunity 
to get their share of feed This is usually done by feeding in individual 
stalls two or more times per day Many prefer to feed a complete mixed 
ration of chopped hay and gram rather than to feed hay and grain, free- 
choice This controls the ratio of hay to concentrate, for, if fed free- 
choice, some animals would eat more roughage than others and would 
make less rapid gams Some prefer to feed a pelleted ration, 27 which has 
resulted in very rapid gams with very little feed wastage 

6 Animals should be fed for at least 150 days, and at the end of the test the 
daily rate of gam and the feed required per 100 pounds of gain should 
be calculated A final type score should also be taken These three meas 
uremeius can be used m an index to select the top bulls for breeding 
purposes 

7 Most heifers are not full fed as are bulls, but it is possible and of con 
siderable value to obtain gain tests on them by measuring gains made 
on pasture during the spring and summer months 

Type 

By type is meant the body form and structure supposed to be ideal for 
the purpose for which the animal is produced It includes something 
more than just size and scale, type is estimated by visual appraisal and 
cannot be measured by a ruler or tape 

Type has been used very widely in the past for the selection of breeding 
stock Perhaps the main reasons for this are that a visual appraisal is 
rather simple to make and that the price per pound of feeder and slaughter 
animals is dependent to a considerable extent on this particular trait In 
spite of the popularity of type, however, it has been shown time and time 
again to be inadequate as a criterion for selecting animals that are best 
suited for the feed lot and for the packer and retailer A more adequate 
and accurate measurement of performance m the feed lot is to record the 
rate and efficiency of gain as discussed previously Carcass quality can 
best be measured after the animal is slaughtered This phase of beef- 
cattle production will be discussed in a later section 

Various experiment stations Inve used type scores and slaughter grade 
scores based on visual appraisal in research studies in the past several 
years One of the methods of scoring used is presented in Table 38 Evperi 
mental data 34 indicate that type-score and grades are subject to con 
siderable error, in that the agreement among different judges for the same 
animal is difficult to achieve, and the repeatability of the score of the 
same judges on the same animal at different times is low Undoubtedly, 
the condition of the animal at the lime of scoring is a factor, for fat 
imports a pretty color, and even an excellent animal appears mediocre 
when it is thin and m poor condition 



FIGURE 64 These V_ 4ft 

BULLS GAINED AT THE • 

SAME RATE ON AN IN- 
DIVIDUAL FEEDING TEST, 

BUT THE ONE AT THE 
TOP HAD A MUCH HIGHER 
CONFORMATION SCORE. IF 
BOTH TYPE AND FAST 
CAINS ARE DESIRED, THEY E 
MUST BOTH BE SELECTED 
FOR SINCE THEY SEEM TO 
BE INHERITED INDEPEND- 
ENTLY. (Courtesy of 
the University of Mis- 
souri.) 

Type-scores are often taken at weaning time and, for bulls, at the end 
of the feeding period when they have been on test. Many experiment- 
station workers have given steers a score for slaughter grade that is often 
similar to scores given to hulls at the end of the feeding trials. 

Data summarized in Table 3G show that weaning score is about S3 per 
cent heritable, whereas slaughter grade is about 47 per cent heritable. 
Both are highly enough heritable so that they should be improved through 
selection. Since type is of considerable economic importance, it is well to 
use this trait in the improvement of beef cattle through breeding. Scores 
at weaning and at the end of the feeding period should be taken on as 
many of the animals in the herd as possible. 

The tendency of beef-caule producers recently toward marketing cattle 
at a younger and lighter age has resulted in the production of cattle that 
mature earlier and arc blockier in type and conformation than those of 
several years ago. As a result, breeders have emphasized selection for 
width, depth, and compactness in their breeding animals. The con- 
troversy as to which is most desirable, the small, blocky type, the large, 
rangy type, or the intermediate type, led to research work in which animals 
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TABLE 38 

BEEF-CATTLE SCORING FORM 


Fancy + 

15 

Fancy 

14 

Fancy - 

13 

Choice + 

12 

Choice 

11 

Choice - 

10 

Good + 

9 

Good 

8 

Good- 

7 

Medium + 

6 

Medium 

5 

Medium - 

4 

Common + 

3 

Common 

2 

Common- 

1 


of the various types were compared. The American Hereford Association 42 
sponsored a test at the Kansas, Oklahoma, and Ohio Experiment Stations 
to determine what type or size of animals should be the most desirable 
from the standpoint of rate and economy of gain and finishing ability. In 
this study, it was found that steers sired by large bulls made faster gains 
than those sired by medium-size and small bulls. Likewise, steers sired by 
medium-size bulls gained faster than steers sired by small bulls. These 
gain advantages were more pronounced during the wintering and grazing 
phases of the growth period than during the full-feeding phase. Over-all 
differences among the three groups in the economy of gains were not 
significant, but when the ration consisted of a large portion of roughage 
or grass, the small bulls produced progeny that made more costly gains. 
The results indicated that the medium-size cattle were the most desirable, 
because they tended to combine the gaining ability of large cattle and the 
finishing ability of small cattle without a lowered efficiency of gain. 

Another study , 5 at the Oklahoma Station, compared conventional-type 
Herefords with comprest-type. The mating of comprest bulls to comprest 
cows resulted in a lower reproductive performance and a lower calving 
percentage, apparently due to one or more forms of hereditary dwarfism. 
Calves produced by the comprest matings that were not dwarfs either were 
comprests or resembled calves from conventional Herefords. These large- 
type calves were definitely superior to their comprest half-sibs in rate and 
economy of gains in the feed lot, but the comprests attained a finish at an 
earlier age. Similar results were obtained when comprests were compared 
with calves from the conventional-type line. 








262 Systems of Breeding and Selection in Beef Cattle 

conventional type cattle, but the) a . . di(ficu i t ies in the 

the same percentage of higher-pr.ced cuts Mo e c Utng th! 

comprest cons and the occurrence o! dwarfism made them tes p 

lh \ n "j°*e Nt" Mexico Station .« in which the perfo ™ «*£ 
large- and small-type cattle was stud.ed over a ^nod ot^e ^ 
showed that the large cows were superior to the smaller, mo 
cows in the percentage cali crop weaned and in longevity. . . 

Past experience indicates that selecting tor the small, compac.q 
maturing type ot cattle may lead to an increase « «ta I ££ . 
currence of some Vtind ot dwarfism. For thts reason perhaps the .n erm 
diate type ot beet animal would be the most desirable in the long run. 

Carcass Desirability 

The final criterion in judging bee£ cattle is quality °£ the meat ey 
produce at slaughter. The previous discussion has dealt with the e ic ) 
of production; the discussion now will deal with the end produc , 
actual meat produced. . 

At the present time, breeding animals cannot be selected on the 
o£ carcass quality, because this can be determined only after death, 
good method has yet been developed for the determination of carcaM 
quality in the live animal, even though studies have been directed towar 
this objective and valuable methods ma) be obtained in the future- 
this reason, then, selection of breeding animals for carcass quality must 
be based on progeny or sib tests 

Methods of evaluating carcass quality in steers to meet consumer pre - 


FIGURE 65 Loin eye area as determined in the live 

ANIMAL BY MEANS OF THE SONORAY (UNBROKEN LINES) AS 
COMPARED TO THE ACTUAL LOIN EYE AREA MEASURED IN THE 
CARCASS AFTER SLAUCKTER (BROKEN LINES) THE TOTAL AREA 
SARI ED ONLY 0 1 OF AN INCH (COURTESY OF THE ANIMAL 
Husbandry Department, University of Missouri.) 



FIGURE 66 Measur- 
ing THE LOIN EYE AREA 
IN THE LIVE ANIMAL BY 
MEANS OF THE SoNORAY. 

(Courtesy of the Uni- 
versity of Missouri.) 



erence for different kinds of *£»«**£ " drt^na^oTconformation 
c'har'acteristi^i^the'live^animal that are related to a higher percentage 
of the high-priced cuts of meat. nuality are given in 

variation is due to the additive effect of genes. 

Freedom from Inherited Defects 

Another important economic trait in beef ^ and fertility. 

certain inherited defects that inter e traits and will be of no 

Most of these are probably inherited as ^essive traits 

great significance unless the heterozygote is carried by many brecd- 
Tliat detrimental recessive genes "^p J sts have been 

mg animals has been shown to Progeny-test records on six 

made by mating sires back to their daughter. Frogey ^ ^ ^ 

bulls selected at random showed - ,a ‘ Rece5S i ve genes, however, 
four recessive genes with undcstra ^ inbreeding is seldom practiced 

need not cause too much concern, reduccs the chances that 

in commercial beef production. inhibiting the phenotypic cx- 

the recessive alleles will be combined, thus inhibiting i 

pression of these genes. bccf cattIe known to date is 

The most important inlier ]oss lo the bccf-cattle industry 

snorter dwarfism. It has caused an breeder either directly or in- 

and lias concerned almost every > ■ , iological cause of dwarfism 

directiy. Much ^ T.£usc of pedigrees and progeny 

base helped to limit it, but even so the 
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incidence is still of considerable importance. Evidence seems to indicate 
strongly that heterozygotes are preferred in selection. 

Defects apparently of a recessive nature have been reported for beef 
cattle in various parts of the world. Many of these affect fertility and have 
been of importance in some countries. 

A defect inherited as a dominant trait should cause little concern to a 
breeder, because such a trait is expressed by the phenotype and the genes 
for it may be discarded from the herd merely by culling all animals which 
show the trait. This kind of inheritance is more complicated, however, 
when penetrance is not complete and when the genes vary' in their expres- 
sion. Here, the phenotype may not indicate the presence of the genes, and 
yet the genes for the trait will be transmitted to the offspring. 

The use of artificial insemination has heightened the concern over in- 
creasing the frequency of detrimental recessive genes in the population. 
One male may be used to sire several thousand calves in his lifetime. If 
he is heterozygous for a particular trait, according to the laws of chance, 
one-half of his offspring will receive the recessive gene from him. The 
author knew of one case in which a bull, later proven to be heterozygous 
for the snorter dwarf gene, produced 600 calves m one season without 
siring a single dwarf. "When his sons and daughters were mated to other 
heterozygotes, or when a certain amount of inbreeding was practiced, 
many dwarfs were produced. Thus, hundreds of earners of a recessive 
gene were introduced into a herd in one year’s time. 

FIGURE 67 Two half sisters that have had a long and 

PRODUCTIVE UR IN THE SAME HERD LONGEVITY SHOULD BE 
CIVE.N ATTENTION IN SELECTION, ESPECIALLY IF IT IS ACCOM- 
PANIED BY HIGH PRODLCTION 
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Longevity r , 

This is another trait of considerable ^nancejo the beef-ca ^ 
breeder. Beef animals that have a long . P £ven thoug h the y 

used as sources of replacement . stoc • £rom the stan dpoint of 

themselves may not appear the inheritance for 

conformation. These animals show that they P o£ partial 

longevity, and they probably only later in life, 

dominance or detrimental gene * P good performance. 

They also show that they may po. s jhe genes^ ^ ^ 

The opportunity for selectl ° n . | he J is especially little oppor- 
than in most other classes o 'v ^ ^ and sow are usually dis- 
unity to select for this trait in hogs, because of their extreme 

carded after they have produce a et ’ ( so ma ny daughters 

sire. In addition, the boar is “ -"^ "o pmeticing inbreeding, 
in the herd he can no longer be used w.tnoe p 

CORRELATION AMONG PERFORMANCE TRAITS 
IN BEEF CATTLE 

Animal breeders are becoming more 
genes that control the expression ’ be due to t he close bio- 

to influence the expression of ’ among various life processes, 

chemical and physiologica re a J^ casurem ent of genotypic, pheno- 
The realization of this has led t traits. 10 Some research on 

typic, and environmental correlations among 

these factors has been done in ee c 

Phenotypic Correlations detween T . . ,b at 

traits are the gross correlations tnai 
Phenotypic correlations betvee ■ t ; c portions of the covan- 

indude both die environmental an important because they di- 

ances. Phenotypic correlations or ._ nt ; a j s w hen several factors arc 
rectly affect the size of the .!:J C .* espeC ially true when the correlation is 
used in a selection index. Tins is «P 

high, whether it is positive or 1 ' _b en otypic correlations between 

A summary of many studies in P _ n T '£, e 39. Of particular in- 

various traits have been repor it i ve relationship between rale ol 

terest in these correlations is P slaucbtcr grade and some of the 
gain and efficiency of gam | » e ' slaughter grade is associated with 
other items of carcass quality. A “P = „ e r C cnlagc. slightly greater rib- 

a higher carcass grade, a higher c r Tliis would indicate that 

eye, and more fat on the outside of .he carcass. 
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, „f the better indicators of carcass desirability m 

slaughter grade is one of the corre i ati on, until a better measure 

the live animal, and attention tot his cornda , 
is found, will be of great importance in select g 


Genetic Correlations among Traits 

„ i. "* •“ ^ e '"'’ 

or genes, affects two or more traits. Rrowth dur ing pregnancy also 

Many of the same genes weaning. 20 ' 22 After weaning and 

seem to affect growth rate from ir genes affect growth rate, 

during the feed-lot period, many^ ^ 2J2 days and [he period 

In one study, steers were f genetic correlations between the 

divided into three V J 0.82,» indicating that many of the 

various periods ranged from . three di ff eren t periods. Similar 

same genes affected the growt r t d j es 32,41 Genetic correlations be* 
conclusions were made in two ot er scores were large in 

tween preweaning and postweaning g use on e would expect the 

another study. 20 This seems tee characteristics than u, 

fast-gaining calves to show more desirable 

thrifty, slow-gaining calves. that there may be a genetic an- 

In beef cattle, there is some evl ^" and fast grow th rate. 2 ’ Such 
tagonism between high mi . roveme nt through selection for 

an antagonism would mean result in a simultaneous decrease 

greater mill, production in co«s w ^ ^ these cows . However, more 
in the rate of gain by the P rove this point, 

research needs to be done to clan y F 


nN PERFORMANCE traits 
EFFECT OF INBREEDING^ 

• , nown about the influence of in- 
As compared to swine, very 1 . tra j t5 j n beef cattle. In three 

breeding on the most important eco in g from 4.8 to 17.5 

studies’ ’°' 20 a decrease in "™‘ n 5 the calf was ob- 

pounds for each 10 per cent ’^crra cent ; ncre ase in the inbreeding of 
served. On the other hand, a P DOUn ds in the weaning weights 
the dams resulted in a decrease o • jncrcase of 9.50 pounds was 
ot their cahes in one study, " • tspescorc in the latter 

found in another. 20 Inbreeding had no 

study. , ,. „ _ r . available on the other pcrform- 

No figures for effects of tnbreedi g q[ the Lint , ] Hereford cat- 

ance traits in beef cattle. The E c riment Station at Miles City, Mon- 
de at the U.S. Range Livestock t. p This report includes in- 

tana. gives some information on this pom . 
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formation on the line from 1936 to 1949 During that time, the >n breed 
,ng increased slowly and gradually until, in 1948, the average of the herd 
was 15 95 per cent Record of performance results indicated that the line 
increased in rate of gam m the feed lot and m weight for age without 
much apparent loss of quality of carcass (Selection had been made for 
weight for age and rate of gam mostly in the sires, with little selection 
pressure on the females) Progress actually made was as great as or even 
greater than expected as calculated from heritability estimates, selection 
differentials and generation inters als) Apparently selection for per 
formance was effective in spite of an increase in inbreeding, and may 
suggest that inbreeding did not have an important effect on weight for 
age or rate of gpm in the feed lot in this line 

At the Colorado Station 39 the weight of calf weaned per 100 cows was 
almost 45 per cent greater from crosses of inbred sires on unrelated line- 
cross cows than it was from inbreds Most of this advantage was due to a 
30 per cent greater calf crop and 10 per cent heavier weights The line 
cross calves also outgained and scored higher than the inbreds These 
data suggest some effect of inbreeding on these particular traits 


CROSSBREEDING IN BEEF CATTLE 

Most of the crossbreeding work, in beef cattle has been done in the 
South and Southwest, where Brahmans have been crossed with native and 
British breeds of cattle Only a few experiments have been done vs here 
British breeds have been crossed among themselves and data obtained 
from the crossbred cows and calves 

Very few crossbreeding experiments hate been reported where cross- 
bred calves and purebred calves from the two parent breeds have been 
produced concurrently Such data must be available to get an estimate 
of heterosis Most reports compare only purebred calves of one breed with 
crossbreds An average of several studies of this kind should give a fairly 
valid estimate of heterosis and, from a practical standpoint indicate the 
ment of crossbreeding as compared to inbreeding 


No data could be found in the literature in which the percentage calf 
crop from purebred and crossbred parents could be compared In the 
Ohio Experiment 11 however, 94 9 per cent of the crossbred calves from 
the purebred Hereford and Angus dams sun n ed to w eaning as compared 
to an average of 91 7 per cent of purebred calves from the two breeds 
This study was conducted over a period of eight years and 205 purebred 
and 196 crossbred calves were produced during the course of the expen 


ment 
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Weight of Calves at Weaning 

purebred calves. Crossbred cal British cows with 

cent heavier than purebreds * vherea 5 us a greater advan- 
non-British bulls averaged _ P e ^ bu]ls _ although it is not known 
tage was noted in the use of no . ., , r iments had been 

it the same results would have been obta.ned .f he expenm n^ h; . 

run in the Midwest where conditions are more favorable 
breeds than are the hotter regions o t e ' ‘ ^ . w hich the aver- 

Only in the Ohio Experiments.* average of the 

age of the crossbred calves cou P lo „ et an estimate of het- 

purebred calves from * he t '™ P are weight „£ calves at weaning was 
erosis. In this experiment, heterosis B 

calculated from their data and ° u ^‘° e 4] tQ J QW , he performance of 
Experiments are summarize CQWS wlth purebred calves. In 

crossbred cows as compared to P (o an estimate of heterosis, 

none of these experiments was it p g fa d e available. Nev- 

because data on only over purebred cows, 

ertheless, crossbred cows had a ^ jn the we .ght of their calves 

with an average advantagcoZ • P^ ^ weaning w eight when cross- 
at weaning. Thus, much of the crossbred cows which 

breeding is practiced seems to come from tne use 


TABLE 40 

INFLUENCE OE THE CROSSBREEDING OF THE CALF 


Bre 

ed 

Crossbreds as 
per cent of purebreds' 

No of 
studies 

References 

Brahman 

Africander 

Zebu 

Hereford 

Brahman 

Angus 

Shorthorn 

Angus 

Angus 

Angus 

Angus 

Hereford 

Hereford 

Hereford 

116 

115 

123 

102 

108 

106 

105 

1 

2 

1 

1 

2 

1 

1 

1 

1, 28 

28 

11 

30, 24 

11 

16 


Average of British crosses 115.5 

A\erage of British x non-British 110.7 

Average for all 


• Purebred, were the .Mb. breed as .be d.m lb M 
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INFLUENCE OF THE CROSSBREEDING IN COWS ON THE WEANING 
WEIGHTS OF THEIR CALVES 



Crossbreds cs References 

per cent of purebreds * J 



Average of British crosses 116 5 

Average of British x non-British crosses 126 0 

Average of all 122 2 . 

•Comparisons were made with purebred cows and calves so this includes heterosis In 
both cows and calves 

are either better milkers or better mothers This could be of great im 
portance in commercial beef production 


Rate of Gain in the Teed Lot 

Crossbred calves seem to have some advantage over purebreds in the 
feed lot, although this advantage is not large and not always consistent 
Data summarized from several experiments where purebred calves were 
compared with crossbred calves in the feed lot are given in Table 42 
Again, this is a comparison with only one parental breed and cannot be 
taken as an actual measurement of heterosis In these experiments cross 
breds gained, on the average, 6 2 per cent faster than did purebred calves 
Estimates of heterosis are given in Table 42 where the crossbred cafves 
could be compared with the average of the parental breeds in the feed 
lot The average value was —1 5 per cent, although in four experiments 
three showed a slight amount of heterosis These limited data suggest 
that there is very little heterosis for rate of gam in the feed lot for beef 
cattle 


Efficiency of Gains in the Feed Lot 

Crossbreeding does not diminish the amount of feed required to make 
100 pounds of gain, as shown in Table 43 and Table 44 In fact, cross 
breds seem to require a little more feed than purebreds If this is the 
actual case it might be explained by the fact that crossbred calves weigh 
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more at weaning than purebred “unwell known that the 
dition at the beginning o£ the feeding p - ncrease weight and 

amount o£ feed per unit gain 1 ‘ reau ire more feed per pound 

become latter. Presumably, ® more energy is required to lay 

o£ gain, because approximately l. , This difference in feed 

down a pound o£ fat than a poun ^ a great handicap to the 

requirements is not great enoug 1, 10 '' ’ dvan tages which offset this 

crossbred animals, since they have other advant g 

slight disadvantage. 


Carcass Quality hir h carcass data for animals from 

The only controlled experiment m w ^ carcass data of crossbreds 
the two parental breeds was compared ^ AngU s, and the recipro- 

was reported by the Ohio Statl °" Detailed carcass data were not re- 
cal crosses between these two 


TABLE 42 

OF CROSSBREEDING ON RATE OF GAIN IN THE FEEDER 
Purebred Parent Breed : 

Comparisons oj ^ 

Crossbreds as per 
cent of purebreds 

References 

Purebred 

Crossbred 

Hereford 

Hereford 

Hereford 

Hereford 

Hereford 

Hereford 

Hereford 

Angus 

Angus 

Shorthorn x Hereford 
Shorthorn x Hereford 

1 shorthorn x Hereford 
Angus x (Sh. x Her.) 

Her. x (Ang. * Sh. 
x Her.) 

Hereford x Brahman 
Hereford x Brahman 1 
Brahman x Angus 
Africander x Angus 

96 

97 

110 

108 

111 

87 

102 

107 

105 

102.6 

12 

16 

16 

16 

12 

12 

1 

1 

Average ” 

^*,0, Average of Purebred Par, 

Comparisons of Crossorcu* 

ent Breeds:* 

Crossbreds 

Crossbreds as per 

cent of purebreds 

References 

Hereford x Brahman 

Angus x Hereford 

Angus x Holstein 

Angus x Arkansas Natives 

101 

102 

89 

103 

12 

11 

9 

37 

Ire# an c#tlm*U- 


•The comparison c 
of heterosis 
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influence of crossbreeding on ^ F °'^ s ^ F E ?g > T REQUmED 

TO MAKE 100 POUNDS OF GAIN IN THE FbbU uui 

'co mparisons of Crossbreds with Only One Purebred Parent Breed: 

* Crossbred as per References 

Purebred Crossbred cenf 0 f purebred 


Shorthorn x Hereford 1 

Shorthorn x Hereford 
Shorthorn x Hereford | 

Angus x (Sh. x Her.) 

Her. x (Ang. x Her. x Sh.) 
Hereford x Brahman 
Hereford x Brahman 
Brahman x Angus 
Africander x Angus 



Comparison of Crossbreds with Average of Purebred Parent Breeds * 

_ , . Crossbreds as per n^f^pnces 

Crossbred cent of purebred* Be/erences 


Brahman x Hereford 106 

Angus x Hereford 100 


•Gives an estimate ol per cent heterosis Note that it Is negative 


ported, but the crossbreds ateraged 60 55 per cent in dressing percentage, 
as compared to 60 00 for the purebreds, for an advantage of about 0 5 
per ccnir Approximately 74 per cent of the crossbreds uere in the choice 
grade at the end of the feeding trials, as compared to 69 per cent of the 
animals from the pure breeds 

Experiments in which crossbreds were compared with one parental 
breed are more numerous In U5DA experiments, 1 * the crossbreds 
averaged a little higher than the purebred Herefords in carcass grade at 
the end of the feeding period The dressing percentage also averaged a 
little higher m the crossbreds (Table 45) 

A summary was made of data from a number of agricultural experi- 
ment stations in which carcass quality was compared in pure British and 
British x Brahman crosses at weaning and after fattening in the feed 
lo! *° At weaning, the crosses exceeded the British breeds in dressing per- 
centage. percentage of preferred cuts, percentage of hind quarter, percent- 
age of lean cuts, and area of the rib eye. They contained less fat cuts and 
less bone than the British breeds At slaughter, after being fed in the 
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TABLE 44 

av=kageofch =D s^co 


Trail 


No. of calves 


Ipwre&re^ 


Gestation 
BLrth weight 
Weaning weight 
Per cent born 
survived 
weaning 

Daily gains birth 
to weaning 
Dally gains on 
pasture 
Daily gains in 
feed lot 
Feed/100 lbs. 
gain 

Dressing per 
cent 

Per cent graded 
choice 


201 

205 

188 


205 

188 

85 

187 

187 

180 

180 


Crossbred 


196 

196 

186 


196 

186 

92 

186 

186 

185 

185 


Avg. of 

purebreds 

Avg. of 

crossbreds 

Crossbreds as 
per cent of 
purebreds 

281.35 

64.00 

421.45 

282.66 

64.60 

436.65 

100.47 

100.94 

103.61 

91.71 

94.90 

103.48 

1.58 1 

1.66 

105.06 

1.02 

1.03 

100.98 

1.64 

1.68 

102.44 

1098.00 

1094.00 

99.64 

60.00 

60.55 

100.92 

69.44 

73.97 

106.52 


‘Reference 11. 

, , lhe urhish steers in dressing per- 
feed lot, the Brahman crosses excee e ot hind quarter, per- 

centage, percentage of preferret cl,, - rllc cro55 cs had about the same 
centage of fat cuts, and area of nbc)t ^ ^ b(me „ ian ,he British 
percentage ot lean cuts b "‘ “ °“ j mal £ 0 rcs at weaning and at slang iter 
steers. Carcass grades and l , . Brahman crosses 

were about the same for the Br.t.sh and the 


TABLE 45 
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INFLUENCE OF CROSSBREE DING ON THE 

TO MAKE 100 POUNDS OF GAIN IN THE rtbUUH 

C omparisons of Crossbreds ulth Only One Purebred Parent Breed : _ _ 

" ~ Crossbred as per j ji c f er ences 

Purebred Crossbred ccn ( 0 j purebred I 


Shorthorn x Hereford 
Shorthorn x Hereford 
Shorthorn x Hereford 
Angus x (Sh. x Her.) 

Her. x (Ang. x Her. x Sh.) 
Hereford x Brahman 
Hereford x Brahman 
Brahman x Angus 
Africander x Angus 



Comparison of Crossbreds with Average of Purebred Parent Breeds 


Crossbred, as Per Refer „ ce s 
cent of pur ebreds ' 


Brahman x Hereford 
Angus x Herelord 


♦Gives an estimate ot per cent heterosis Note that It Is negative 


ported, but the crossbreds averaged 60 55 per cent in dressing percentage, 
as compared to 60 00 for the purebreds, for an advantage of about 0 5 
per cent. Approximately 74 per cent of the crossbreds were in the choice 
grade at the end of the feeding trials, as compared to 69 per cent of the 
animals from the pure breeds 

Experiments in which crossbreds were compared with one parental 
breed are more numerous In U.SD.A. experiments, 18 the crossbreds 
averaged a little higher than the purebred Herefords in carcass grade at 
the end of the feeding period. The dressing percentage also averaged a 
little higher in the crossbreds (Table 45). 

A summary was made of data from a number of agricultural experi- 
ment stations in which carcass quality was compared in pure British and 
British x Brahman crosses at weaning and after fattening in the feed 
lot 40 At weaning, the crosses exceeded the British breeds in dressing per- 
centage, percentage of preferred cuts, percentage of hind quarter, percent- 
age of lean cuts, and area of the rib eye They contained less fat cuts and 
less bone than the British breeds At slaughter, after being fed in the 
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TABLE 44 


Trait 

Gestation 
Birth weight 
Weaning weight 
Per cent born 
survived 
weaning 
Daily gains birth 
to weaning 
Daily gains on 
pasture 
Dally gains in 
feed lot 
Feed/100 lbs. 
gain 

Dressing per 
cent 
Per cent graded 
choic e 

Reference 11. 



Avg. of 

purebreds i 

— 

Avg. of ; 

crossbreds 

281.35 

64.00 

421.45 

282.66 

64.60 

436.65 

91.11 

94.90 

1.58 

1.66 

1.02 

1.03 

1.64 

1.68 

1098.00 

1094.00 

60.00 

60.55 

1 69.44 

13.91 


103.48 

105.06 

100.98 

102.44 

99.64 

100.92 

106.52 
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Conclusions on Cross rrf.f di n c in lit ff Catti r 


Although there is much more to be learned about the % worn aspects 
of crossbreeding in beef cattle some farts ire fairly dear Evidently, cross 
breeding produces the highest weaning height in ciUcs It miy also m 
crease fertility Crossbred caUcs generally show much more vigor than 
purebreds up to the time of weaning especially when Brahmans arc in 
solved in the crosses This could be because the Brahmans can transmit 
their ability to resist heat and other adverse environmental conditions 
prevalent in the South and Southwest where these studies have been 
made 

Crossbred cows also seem to be better mothers than purebred cows from 
comparisons made to date but more work is needed before we can state 
for certain just how superior the crossbred mothers arc to the purebred* 
Crossbreds seem to be slightly superior to purebreds m postwenmng 
rate of gain and in carcass grade but possibly require more feed per 100 
pounds of gain These advantages and disadvantages seem to countcrbal 
ance each other for the important postw caning characteristics The fact 
that advantages for the crossbreds come early and mostly before the calves 
are weaned may cause some persons not to recognize this advantage when 
all the emphasis is placed upon feed lot gams Heavier weights at wean 
mg result in heavier weights at the end of the feeding period even if the 
daily gains during this period arc no faster than in purebreds If cross 
breds do not sell for less per pound at weaning because they arc cross 
breds this system of production seems io offer definite advantages for 
more efficient beef production 

The very high hentabihty estimates for rate of gain m the feed lot and 
for most carcass traits together with medium to high estimates for effi 
ciency of gams indicates that for the present at least considerable im 
provement in these traits can be made within the pure breeds Therefore 
selection of breeding stock should be made with this goal in mind The 
improvement of purebreds would still be very desirable even if cross 
breeding becomes the breeding system of choice in the future The most 
efficient production results even when crossbreeding is practiced when 
both parents are superior for the important economic traits 

KINDS OF GENE ACTION AFFECTING ECONOMIC TRAITS 
IN BEEF CATTLE 

The kinds of gene action of importance in the phenotypic expression 
„ V* e '” ,ou * economic traits in beef cattle are summarized m Table 46 
Although much more information on beef-cattle breeding is needed at 
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TABLE 46 

■BSSKSSSS SKSTSSSSHSK" 


Degree of 
HentabxUly 


Effects of 


Proportion of genetic 
variation due to dif- 
ferent types of gene 
action 


ulihrcpdme\crossbrccdmg NmaMihve Add, to* 


Weight of calves 
at weaning 
Weaning score 
Rate of gain in 
the feed lot 


medium large 

medium l° w 


large medium 
unknown medium 


probably small 
low 


Efficiency of gains 

in the feed lot medium small 

to high 

Slaughter Grade high unk "°' 

Carcass Items high P robal 


unknown unknown 
probably probably 




Sjslems 0 / Breeding and Selection in Beef Cattle 


F, the number of da>s to bring each animal 
mde and E, the amount of feed per pound 
calculation of such an index, let us assume the 


io a low choice slaughter 
of gain To illustrate the 
following 


XV ~ 400 lbs 
R « 2 5 lbi 
F = 200 days 
£ « 7 5 lbs 


The calculated index would be 

/ =» 0 58(400) + 18 64(2 50) - 0 73(200) - 5 87(7 50) 

B 232 + 46 6 — 146 — 44 03 

- 88 57 

This index is given only as an example, to show how several important 
factors can be considered in the construction of an index so as to aid in 
selection for maximum genetic progress It ma> or ma> not be applicable 
to the selection of beef cattle in areas other than the region for which it 
was constructed or for traits other than those selected for here 


SUGGESTED PROGRAM FOR PUREBRED 
BEEF CATTLE PRODUCTION 

The extension divisions of most states in the U.S have outlined beef 
cattle improvement programs for their respective states Therefore a 
complete program in every detail will not be given here Some important 
points to consider in a beef improvement program will be given however, 
along with sample record forms in Figures 68 and 69 

1 Identify all animals with a tattoo brand or some other means 

2 Record the exact birth date of each calf tattoo at birth and record the 
numbers of both the calf and the cow 

3 Obtain a weaning score and weight and correct the weights of calves for 
age of dam age of calf and sex of calf 

4 Retain replacement heifers from those with the heaviest weaning weights 
and best type-scores 

5 Cull cows after one or two calf crops that consistently wean calves lighter 
than the average of the herd The amount of culling will depend upon 
available replacement stock and upon whether the herd is increasing in 
numbers or u remaining stationary in sue (Cull on the basis of records 
and not on type alone ) 

6 Weigh and score heifers again at approximately 18 months of age to 
obtain information on their rate of gain after weaning and on records 
of sire groups as well as information on gaining ability of calves from 
different cows. Cull those heifers with undesirable type or gains or with 
obvious undesirable traits 
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7. Feed all bull cahes that are superior from the standpoint of type and 
weaning weight. If they cannot be fed individually, feed them as a 
group, but gi\e all bulls an equal chance at the feed bunk. Feed for at 
least 150 da)S, and at the end of the feeding period, calculate the rate 
and efficiency of gain, and score for t)pe and conformation. Rank the 
bulls in order for the traits of most economic importance and keep the 
best for breeding purposes 

8. In purchasing herd bulls, obtain them from a herd where records of the 
kind mentioned abo\e are kept. Obtain the best bull possible on the 
basis of type, and rate and efficiency of gain at the end of a feeding test. 
Select a herd bull from a cow that has a lfetime record of producing a 
calf each jear that is superior in type and weaning weight. 


NEW BREEDS OF BEEF CATTLE 

Some new breeds of beef cattle have been developed recently in the 
South and Southwestern parts of the United States using the Brahman in 
crosses with other breeds, mostly those of British origin. The Brahmans 
can withstand the adverse conditions in that part of the country and 
transmit this ability to their offspring. 


Santa Gertrudis 

This breed was developed by the King Ranch of Kingsville, Texas, 
from a cross between Shorthorn cows and Brahman bulls. 31 Its develop- 
ment involved an exploratory phase in which crosses of Brahmans and 
British breeds were made. This was followed by the multiplication of the 
progeny of individuals shown to be superior on the basis of progeny tests, 
accompanied by inbregding, linebreeding, and selection. 


FIGURE 70 Excel- 
lent type Brahman 
cow. (Courtesy of the 
Koontz Ranch, Inez, 
Texas.) 
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FIGURE 71 Purebred 
Santa Gertrudis cow. 
ACE 38 MONTHS AND 
WEIGHING 1590 POUNDS 
(Courtesy Santa Ger 
trudis Breeders Inter 
national, Kingsville 
Texas) 


In 1910 30 years after the first exploratory matings of a Brahman bull 
with purebred Shorthorn cows, the Santa Gertruchs breed was recognized 
as a new beef breed Santa Gertrudis are red in color and are considered 
to be 3/8 Brahman and 5/8 Shorthorn The breed is very well adapted to 
the region where it was developed as well as to other regions of a similar 
environment Mature steers and cows average approximately 200 pounds 
heavier than animals of the British Breeds of the same sex and age 


Charolais 

This is a French breed that was developed in the latter part of the IStli 
century It was originally used for draft purposes as w ell as for beef pro- 
duction The Charolais varies from while to a light straw color and 
reaches a very large size at maturity 


FIGURE 72 Purebred 
Charolais cow two 

YEARS AND NINE MONTHS 
OF ACE WEIGHT 1734 

pounds (Courtesy of 
the Litton Charolais 
Ranch Chillicqthe 
Missouri) 
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The breed in the United States has been developed from a few indi- 
viduals imported before laws were passed restricting the importation of 
breeding stock from countries where foot-and-mouth disease was preva- 
lent. The Charolais breed in the United States may carry genes from other 
breeds because of the small number of imported purebreds available to 
breeders in this country. The American International Charolais Breeders 
Association registers purebred animals and those that are produced by a 
topcrossing program and possess from 1/2 to 31/32 Charolais genetic in- 
heritance. Certificates for animals produced by topcrossing must give the 
exact percentage of Charolais inheritance as well as that of the other 
breeds involved. An animal which possesses 31/32 Charolais inheritance 
is considered to be a purebred. 


Brangus 

The Brangus originated from a cross of the Brahman and the Angus. 
They are black and naturally polled and retain many of the character- 
istics of the original parent breeds. The International Brangus Breeders 
Association has its headquarters in Kansas City, Missouri. Registered 
Brangus are those bred as a breed for several generations or those pro- 
duced by starting with purebred Angus and purebred Brahmans if regu- 
lations of the association are adhered to. Figure 74 shows how Brangus 
may be produced by two different methods by combining the two parent 
breeds. 


Chardray 

This is an American breed developed by combining the Charolais and 
Brahman breeds. The American Charbray Breeders Association will reg- 


FIGURE 73 Excel- 
lent type Bran ccs 
bull. (Courtesy of the 
Bruce Church Ranch, 
Inc , Yuma, Arizona.) 



282 


Systems of Breeding and Selection in Beef Cattle 

ister animals that ha\e from 3/4 to 7/8 Charolais inheritance, with 13/16 
Charolais and 3/16 Brahman being the proportion of inheritance that 
seems most desirable The breed is homed and is white to light straw in 
color 


BEEFM ASTERS 

This new breed was developed from crosses among Brahmans, Short 
horns, and Herefords The development of the breed was begun in 1908 
by E C Lasater of Falfumas, Texas, and has been continued since 1930 

FIGURE 74 Mating systems for the production of 
Bran gc$ (Courtesy of The Cattleman , Fort Worth, 

Texas) 




FIGURE 75 The Char- 

bray IS A NEW BREED 
RESULTING FROM THE 
CROSSING OF THE AMERI- 
CAN ClIAROLAIS ON THE 

Brahman. These are 

EXCELLENT TYPE CHAR- 

brays (Courtesy of the 
American Charbray 
Breeders Association.) 

under the direction of his son. No attempt has been made to incorporate 
a definite percentage of inheritance from the three original breeds, al- 
though the genetic composition is probably approximately 50 per cent 
Brahman, 25 per cent Hereford, and 25 per cent Shorthorn. 

Rigid selection for performance has been practiced within this breed, 
with special attention to disposition, fertility, weight for age, conforma- 
tion, hardiness, and milk production. Much less attention has been paid 
to color and other fine points. Most Beefmasters are horned but some are 
polled, and some breeders are selecting for this trait. Although Beefmas- 
ters are recognized as a breed, no formal registry association has been 
formed. 
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Questions and Problems 

1. List the traits of greatest economic importance in beef cattle production. 

2. Since the heritability estimates for fertility in beef cattle are low, what can 
be done to improve this trait? 

3. What land of gene action probably aflccts fertility in beef cattle to the great* 
est extent? 

4. Outline adjustments necessary before weaning weight can be used as a cri- 
terion for selection. 

5. Outline in detail a method of selection for the improvement of rate of gain 
of beef cattle in the feed lot. 

6. What traits in beef cattle seem to be aflccted the most by inbreeding? By 
crossbreeding? 

7. Outline in detail a breeding program for purebred beef-cattle production. 

8. Outline in detail a breeding program for commercial beef-cattle production 
where steers are sold as feeders. 
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Selection in Sheep 


Sheep were among the first ani- 

mals domesticated and have been raised by n nan 
for many centuries. Many ^Eerences are mad 

the Holy known m the time of Christ 

very nature and habits of sheep bles and othe r teachings, 

that he used them as examples 1 P , t u e ea rly settlers. 

Sheep were brought to the ^ by he ^ 

in fact, it is said ^“ 3 ^ of sheep reached a peak 
voyage to the new world in I - since (hen the num b e r has 

of 56 million in 1942 m the Un d mfeer stlll large enough to 

oTe r h e "ources of income from livestock in some 

areas. 


traits of economic importance 

Sheep are produced for both — J 
not as popular as , pork -and manuf:lcture ot clothing and other 

some countries, M °ol for b vario us synthetic fibers, but there 

textiles is being replaced some ' r wor id. 

is still a good demand for it m ™any P ^ those related to the cost 
Traits of economic imp a „ d L.ton demanded by the con- 

of production of disc „ s sed separately as was done ... the chap- 

sumer. These traits will be tliscusscu I t 
ters dealing with other species of farm animals. 
b S87 
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Fertility 

Sheep are seasonal breeders and in most areas of the United States the 
breeding season is in the fall Some breeds such as the Merino and Dorset 
Horn may be bred under some conditions to produce two lamb crops 
per year Most breeds produce just one crop per year although nms pro- 
duce sperm throughout the year Some rams arc susceptible to high sum 
mer temperatures however and may be infertile or of loss fertility in late 
summer during the first part of the breeding season 

The number of lambs raised per ewe is one of the most important fac 
tors determining the efficiency of production Lamb production varies a 
great deal under different conditions and with different breeds Ewes un 
der farm conditions arc usually more prolific than those produced on the 
range This is probably due to a higher le\cl of nutrition generally found 
in (arm flocks Tv. inning m sheep often is desirable because a cue that 
weans twins produces from 30 to 10 pounds more lamb than the cue that 
weans a single lamb 

Extensive studies of breeding and lambing records Ime been made at 
the U S Sheep Experiment Station at Dubois Idaho ,a Complete sterility 
of rams was Tare and low fertility was uncommon The percentage of ewes 
bred that lambed varied between 8a and 88 per cent for the different 
breeds The percentage of iambs born per ewe lambing varied from 118 
to 129 An average of 9a lambs was born per 100 ewes bred Another 
study of records at the same station 0 covering a 1 1 year period showed 
that 90 43 per cent of the ewes bred lambed with 92 54 per cent of the 
lambs born being alive at birth The average percentage lamb crop 


FIGURE 76 Ewes of excellent type with twin lambs 

h LARGE LAMB CROP WEANED SHOULD BE THE COAL OF ALL 
SHEEP BREEDERS (COURTESY OF THE UNIVERSITY OF MISSOURI ) 
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weaned of the live lambs born was 82.52. In contrast to these figures, in 
a Missouri study, 1.61 lambs were bom per ewe with 1.16 weaned. 6 

Fertility in sheep is lowly heritable, with an average heritability and 
repeatability estimate of 7 to 13 per cent. These estimates are in agree- 
ment with those for other classes of livestock. This indicates that fertility 
in sheep is not greatly affected by additive gene action and could be im- 
proved very little by selection. Most of the phenotypic variation, there- 
fore, is due to environmental factors and attention to these should im- 
prove the lamb crop. 


Weaning Weight 

The age at which Iambs are weaned varies under different conditions, 
but the age of 120 days is often used for selection purposes. 

Lambs can be weighed as they reach 120 days, or weaning weights can 
be corrected to this age. The correction is done by multiplying the aver- 
age daily gain from birth to weaning age by 120 and adding this product 
to the birth weight. Weights of twins may be adjusted to a single-lamb 
basis by multiplying the adjusted 120-day weight by the factor 1.0529; for 
triplets the factor is 1.0923. 

The age of the ewe may have considerable influence on the weaning 
weight of her lambs. Two-year-old ewes wean lambs that are from five 
to ten pounds lighter than those from mature ewes Production of ewes 
usually increases to four or five years of age. Probably the most impor- 
tant adjustment is that for weaning weights of lambs from ewes that are 
two years of age. This adjustment can be made by comparing the pro- 
duction of the two-year old ewes with that of mature ewes in the same 
herd and then adding the difference to the weaning weights of lambs 
from the younger ewes. Or, if this is not possible, an adjustment may be 
made by adding seven pounds to the weight of the lambs. 

Weaning weight in sheep is about 43 per cent repeatable (Table 47), 
which indicates that culling ewes from the herd on the basis of their first 
year's production is practical. Culling the poorly producing ewes will in- 
crease the average weaning weight of the entire herd thereafter if envi- 
ronmental conditions remain unchanged. Weaning weight in sheep is 
about 33 per cent heritable. Thus, selection for this trait will result in 
some impro\ ement, although it ma) be slower than for postweaning gains 
or some other traits. 


Postweaning Gains 

Some work has been done in performance-testing of sheep after wean- 
ing as has been done with beef cattle. Rate of gain in the feed lot in sheep 
is highly heritable, as shossn in Tabic 48, so mass selection to improve 
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TABLE 47 


ESTIMATES OE THE «, - — " EC0>,0HIC 


Trait 

ho of 
reports 

Ai cragc 

Range 

Fertility 



Oto 15 

Lambing per cent. 



5 to 21 

No lambs born 



27 to 36 

Birth v- eight 



22 to 26 

leaning weight 



71 to7B 

Yearling body weight 


| ”3 

26 to 40 

Body type 



20 to 37 

Condition score 




Woo! characteristics 



70 to 82 

race covering 




Body folds 



54 to 58 

Neck folds 


56 


Clean fleece weight 




Grease fleece weight 

5 



Staple length 

3 



Beslstance to trichostrongyles. 
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tins trait should be effective Yearling body Height is also highly heritable, 
averaging between 40 and 45 per cent It is also very highly repeatable 
Heavier yearling ewes also wean heavier lambs and produce heavier 
fleeces, so selection for this trait would probably be effective and de 
suable 


Type and Conformation 

Desirable type and conformation have also received attention m sheep 
as in other classes of farm animals With this species, however, attention 
must also be paid to selection for wool production in addition to mutton 
quality and rate and efficiency of gains 

Animals possessing very obvious defects, such as overshot jaws, under- 
shot laws, black wool, wool blindness skin folds, shallow bodies, and poor 
mutton qualities, should be culled from the flock If animals with these 
defects are eliminated from the breeding flock and selections are made 
on the basis of body weight and quantity and quality of wool, especially 
in the selection of rams, perhaps this will be sufficient attention to type 
Neale 13 has successfully used a system of selection and breeding 
he calls "corrective mating” Ewes which may be highly productive ye 
have some objectionable characteristic may be mated to a ram that is 
especially outstanding in the trait in which the ewes are inferior Many 
times this corrects the fault in just one cross This is a principle of mating 
that could be used to improve many trails and is effective, asshownby 
the history of the development of the many present day breeds of farm 
animals 


Carcass 

We have less information and 

liability of the various carcass items than we n 
swine 

be available in the near future since ; nrn „ will 

heritable in swine and beef cattle 

also be found to be true m sheep d ^ ^ consumer Ueslrcs 
lean to fat ,n mutton “"doubtedl) ^ [en(]erncss o£ mutton can 

At present, the proportion of lean ^ making u .mpossible 

be measured only after the animal 1 JB ^ brced|ng 5 purposcs The 
to measure this trait m animals t m lhe dosc rclatncs of an 

next best measurement is P roblb ' b , , han Inlf s ,bs for this measure- 
individual Full sibs are more v«li»W* ““ in common w„h full 
menl, for an individual has twice as ) 8 , fuH sibs 

sibs as he has w uh half sibs Although testing carcass q } 
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is limited to those instances where at least twin births occur, this phe- 
nomenon is much more frequent than in beef cattle. 

Carcass information may also be obtained on the progeny of a ram, 
but the same disadvantage of progeny tests applies in sheep as in other 
classes of farm animals It takes so long to get a good progeny test that 
the ram may be dead before his worth is fully known. Once he is progeny- 
tested, however, and proved to be superior, whether he is dead or living, 
his offspring should be given preference when selecting breeding animals. 
If he is dead when the results of progeny tests are fully known, there is 
still the possibility of keeping the relationship of individuals in the flock 
closer to the outstanding ancestor through linehreeding. 


Fleece Weight and Quality 

The total yearly production of a flock is about 20 per cent from the 
wool and about 80 per cent from the lambs marketed. This will vary 
from year to year in different areas and in different flocks where lamb 
production per ewe is higher than the average Nevertheless, this shows 
very clearly that wool production is very important from the economic 
standpoint. 

Wool production is largely dependent upon fleece weight and staple 
length In general, for each half-inch that staple length is increased, the 
weight of the grease wool is increased by three quarters of a pound and 
clean wool by one-half pound « Greater gams are obtained with increases 
in staple length in both the fine wool and the coarse wool breeds. With 



FIGURE 77 Wool 

BLINDNESS IS A TRAIT TO 
BE AVOIDED OPEN PACE 
EWES ARE MORE PRODUC- 
TIVE AND SELECTION TOR 
THIS TRAIT IS EFFECTIVE 

(Courtesy of the Uni- 
versity of Missouri ) 
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FirURE 78 A GOOD AND A POOR TYPE RAM. A SIRE SUP- 
HALF the INHERITANCE TOR EACH OP HIS OFFSPRING, 
WHICH MAKES A GOOD ONE OF CONSIDERABLE VALUE. (COUR- 
TESY of the University of Missouri ) 


some breeds, selection may have to be 

wool, but selection should be practiced for the grade of wool most 
sirable in a particular area ^ ^ ^ most wool char . 

Heritability estimates presented T hentab ility of fleece weight 

actenstics are highly heritable in 6 length in eight studies it 

in nine studies was 47 per cent, an P b ;„ h en ough that the 

was 45 per cent. These heritability es these tw0 [raits should result 
mating together of the b “ t ‘ n ^™ Ise o[ their economic value, die traits 
in genetic improvement, and beca 

should be given attention in a b « e P™ omic trait.' 9 Open-faced 
Face covering in ewes is an ""portani ^ q£ , amb than those 

ewes produce more lambs and we covering was 43 per cent 

with wool-covered faces In six stu i , £aceJ s i )0 u]d be eftcctise. 

heritable, and shows that selection or p eliminated in 

Selection experiments also indicate that h' 
a floch in 10 to 15 years by selection within the group 

GENETIC CORRELATIONS AMONG TRAITS 

, -hh sheep to determine the genetic 
Several studies have been made wi ce n era l, a large proportion of 
correlations among the economic trat . j gains in all phases of the 

the same genes seem to be responsi e ^ and the evidence in* 

growth period. Thus, there is no antagonism 
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dicates that selection for heavier body w eight for any penod in life should 
improve this trait for other periods Since body weight at all ages seems 
to be medium to highly heritable, selection for this trait should be eflec- 
tive and very desirable 

Some of the same genes responsible for heavy body weights also seem 
to cause the production of heavier fleece weight Although more infor 
mation on these genetic correlations are needed, it seems that no impor 
tant genetic antagonism exists between these two traits Selection for body 
weight, for instance, should also cause some genetic improvement in fleece 
weight 

Many of the same genes responsible for greater staple length 5 are also 
responsible for heavier fleece weight Or, at least, the studies do not sug 
gest that there is an important antagonism between these two traits 


INBREEDING IN SHEEP 

Results from inbreeding m sheep are very similar to those with other 
farm animals Inbreeding in some instances is followed by the appearance 
of defects that are due to the pairing of recessive genes In one flock of 
sheep where inbreeding was practiced for ten years fifteen blind lambs 
were born 15 All traced back to the same sire and the defect was found to 
be due to a single pair of autosomal recessive genes In another study, 18 
mild inbreeding for four generations failed to uncover any detrimental 
recessive factors 

Inbreeding is usually accompanied by a decline in vigor 1 11 Results 

summarized in Table 49 show that weaning weight and yearling body 
weight were decreased by three to four pounds for each ten per cent 
increase in inbreeding Body score and condition score were not affected 
adversely 

The weight of wool produced decreased with inbreeding, as did staple 
length Possibly this was due to the decline m vigor usually associated with 
this system of breeding 


CROSSBREEDING IN SHEEP 

Crossbreeding has been used in the commercial production of sheep 
for many years Since it is so widely practiced it must have considerable 
merit The data presented here on the degree of heterosis for the different 
tratts are based on comparisons of measurements of the various traits in 
the pure breeds with measurements in thetr crossbred offspring Until 
well-designed experiments have been conducted heterosis has to be esti 
mated in this way Very few experiments have been reported in which 
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TABLE 49 

INFLUENCE OF INBREEDING ON VARIOUS ECONOMIC TRAITS 
IN SHEEP 


Trail 


No of 
reports 


Regression coefficient* 
Range 


Avetage 


-0 339 
-0 381 
0 010 
0 007 


o 

1 

302 

to - 

-0 

375 

-0 

055 

to - 

-0 

585 

0 

002 

to 

0 

016 

0 

002 

to 

0 

013 

-0 

004 

to 

0 

016 

-0 

009 

to 

0 

001 

o 

1 

008 

to ■ 

-0 

025 

-0 

013 

to ■ 

-0 

057 

0 

000 

to ■ 

-0 

015 


Weaning weight (lbs ) 

Yearling body weight (lbs X 
Body type score 
Condition score 

Wool characteristics ? 0 0 04 

Face-covering score - 0 003 

Neck-folds score _ 0 018 

Clean-fleece weight (lbs 1 - 0 029 

Grease-fleece weight (lbs ) _ 0 007 

Staple length (ems) — 

•Unit change for one per cent increase in inbreeding 

the crossbreds were maintained J“ ld bfcompared wnhtht 

to produce the cross so that reciprocal crosses could p 

pure breeds f hccp compare the crossbreds 

Most experiments in crossbr s usually comparisons be 

with only one of *e P-ent br ed These^^ ^ ^ o£ , smgle 

tween the offspring of rams of d ^ rams mated t0 purebred ewes 

pure breed and the offspring of p f rom several different 

of that same breed Average " made are given in Table 50 

studies w here comparisons of this 



FIGURE 79 Lambs from a tw o-breed cross Crossbreed- 

1NC IMPROVES THE HEALTH AND MOOR OF THE LAMBS RESULT 
LNC IN A LARGER PER CENT OF LAMBS BORN WEANED AND FAVORS 
HEAVIER WEIGHTS (COURTESY OF THE UNIVERSITY OF MIS- 
SOURI) 

Although these comparisons are not as desirable as those where heterosis 
could be measured from a comparison of the two pure breeds and their 
reciprocal crosses produced concurrently, they do give an estimate of the 
heterosis involved in a two-breed cross where the lambs only were cross- 
bred 

Intra uterine survival seems to be improved slightly in crossbred lambs 
This is illustrated in the lambs bom per ewe, which shows about 3.2 per 
cent improvement The greatest improvement from crossbreeding ap- 
pears to come from increased survival rate from birth to weaning, as 
shown by 14 6 per cent more crossbred than purebred lambs weaned per 
ewe that lambed In these cases, all lambs were produced by purebred 
dams 

Studies of crossbreeding involving Border Leicester and Romney sheep 
have been made m New Zealand. 2 Data obtained to date show very 
clearly that the crossbreds have an advantage of 20 to 25 per cent over 
the purebred Romney ewes m the per cent of lambs alive at 28 days per 
100 ewes mated The backcross of the crossbred ewes to Romney rams 
seems to give inferior results in this respect, as compared to the first-cross 
ewes The results of this study, as well as from others, indicate that some 
breeds produce a considerably larger number of lambs than do others 
The overall performance of the crossbred ewes and lambs will be deter 
mined to a considerable extent by the prolificacy and mothering ability of 
ewes from the breeds involved Thus, crossing two breeds noted for a high 
percentage Iamb crop will give more lambs at weaning than will crossing 
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Even though the degree o e er different because of the average 
’ Sr^dl 1 S crosses This is P-bably afso 

1 ™C — n^creases the weanmg weighs of ^ Ten^r 

seven per cent and the mature v g s Qn the sam e basis, it also 

the average of the pure breeds use h cou id be closely related to 

increases the weight of wool P r ° Q ’ f ^ indlvl duals involved Staple 
increased growth rate and via )' improve 

length was also increased by crossbreeding, bu tta» some of 

ment could be out of proportional. ^ ^ [hose in wh «ch rams of 
the experiments summarized 1 or ewes D f the short wool 

long wool breeds were mated o 

breeds 1 , mnre rareful experiments are needed that 

In general, we must say that influence of heterosis on the 

are especially designed to determin these tra , ts seem to be un- 
important economic traits in s “P o£ the ) am hs from birth to 

proved by crossbreeding, especia y 


weaning 
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ment uas slightly less than that expected from the amount of selection 

practiced . 

Another trait that was used m a selection stud) was the multi nipple 
trait m sheep Usually, ewes have just two nipples, but some have more- 
Alexander Graham Bell selected for the improvement of this trait in 
sheep, beginning about 1890 His objective was to develop a type of 
sheep that would produce two or more lambs and hav e the milking abilit) 
to raise them He selected for extra nipples with the idea that selection 
for a large number of nipples would increase the milk suppl) It is of 
interest however, that m these experiments little or no association was 
found between increased nipple number and fertility or milk production 
Selection for a larger nipple number was highly effective at first and 
soon increased the average number in the flock to four Nipple number 
seemed to become more or less stabilized at this level, however, and 
further progress in selection was slow or ineffective, although parents 
with six nipples were used for breeding purposes The hentabilit) estimate 
for nipple number was 14 4 per cent when calculated from the intra-sire 
regression of the offspring on their dams This was determined m the 
population where stabilization of nipple number had already occurred, 
so perhaps the additiv e genetic variation for this trait had been exhausted 
or greatly reduced Perhaps more than four nipples may have been the 
Tesult of a combination of genes with nonadditive effects, and this would 
make mass selection for more than four nipples ineffectiv e 


SELECTION INDEXES 


Several indexes may be used for selection purposes, depending upon 
the goals of the sheep breeder An index based on the weaning weight of 
the lamb minus twice its face-covenng score might be practical on the 
farm for some breeds* For example if a lamb weighed 55 pounds at 
weaning and the face score were 3, the index for that lamb would be 55 
minus 6 or 49 

An index used for measuring ewe productivity 1 * is the weight of the 
lamb at weaning plus 2.5 umes the weight of wool the ewe produces each 
year, divided by the body weight of the ewe. Where the ewe weighed 100 
pounds weaned twin lambs weighing 90 pounds and produced 8 pounds 
of wool per year, the index would be 90 + (2.5 x 8) = 1 10 


100 

Sull another index, which is more complex and 
weight to wool characteristics is 18 


gives considerable 


1 d " ,00 + (' S4um«clean Sera tvt.) minus (1 35 dk, ,upk length 
m comontt,) ™ (0 01 u body taught m pound,) 

(0 7n too ion fold ra-t) pita (0 1 3 mo cnmpj 
per inch of wool) 
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BREEDING PLAN FOR SHEEP IMPROVEMENT 

The following points are suggested m planning a sheep improvement 
program 

1 Identify all individuals in the flock by means of a tattoo ear tag or some 
other means 

2 Establish some system of recordkeeping for all indmduals m the flock 
(See Figure 80 for sample record forms) Record the performance records 
on each lamb ewe, and ram 


FLOCK RECORD EXAMPLE 

No of Ewe Breed Dale Born 

Birth Weight Weaning Welghl Yearling Weight 

Face Coverlne firm-,. 

Lambing Record of Ewe | 

Date 

Lambed 

Sea of 
Lamb 

Birth 

Weight 

Date 

Weaned 

Adjusted 

Weaning 

Weight 

IE 

MSSMml 

mm 


■■ 

■■ 

■Kf 


h ■ mi 













































Wool Record of Ewe i 

Date 

Sheared 

Weight 
<* Wool 

Weight 
Scctj red 

Suple 

length 

Wool 

Index 

of Ewe 

Remark* 






















































FIGURE SO 
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3 Adjust weaning w eights of each lamb for age, sex, for twins, and age of 
dam where necessary and record these 

4 Cull ewes that have a poor record of fertility have obvious defects, or 
wean light lambs and produce a light fleece at shearing If desired, a pro- 
ductivity index may be calculated for each ewe in the flock for weaning 
weight of her lambs and her wool production, and then they maj be 
culled on this basis Both traits are highly repeatable Replace ewes with 
ewe lambs that rank highest on the basis of one of the indexes mentioned 
earlier, or select those that are superior m body weight, mutton qualities, 
and wool 

5 Where more than one ram is used in the flock, compare the records of 
their offspring and cull those rams whose offspring are below average 
for the desired traits Replace them with ram lambs whose sires and dams 
have high production records for lambs weaned, mutton type, and heavy 
wool production Rara lambs should also be selected on the basis of their 
own weaning weight their rate and efficiency of gains after weaning, 
quality and quantity of wool, and mutton type Or they could be selected 
on the basis of an index as was suggested for ewe lambs 
6 In commercial lamb production, the use of crossbreeding may be profita 
ble It would be best to cross those breeds that are both known to be 
superior in fertility, performance, mutton type, and high quantity and 
quality of wool 
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Questions and Problems 

■ „f sheep products is due to wool and 

1. What proportion of the economic value o P P 

‘ 0mUU0n? a • Can it be improved by selec- 

2. Is twinning in sheep desirable or nudes, rable? 


.•hcreas 


‘ i0n? • . in sheep is about 15 per cent, w 

3. The repeatability of meaning ' se S T . this difference? 

die heritability is about 35 P =r cent. by ^ most 

4. Would you expect to make slow or rapid improse 

wool characteristics? Explain. ui blc or difficult to im- 

5. Does experimental evidence indi^^Vp^Vcumi^V «>«<!<>" -'bin die 
prove fertility, weaning weight, and woo, p 

same flock? of Um bs and grease- 

i _-- n to weaning "• C, S ! „je vjthm the 

6. What would one expect to It* pp . jj jj ltC r mating* a 
fleece weigh, when full brother and full 

flock? * 

7. What traits seem to be imptos cd the most bi cros 
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8 Under what conditions would crossbreeding be recommended? 

9 Why did selection for increased nipple numbers in the Alexander Graham 
Bell experiments show rapid progress at first and then stabilize at near four 
nipples even though parents possessing six nipples were used for breeding 
purposes? 

10 Outline in detail the selection and mating procedures you would follow in 
developing a high quality Hock of purebred sheep 
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MORE ATTENTION HAS BEEN GIVEN TO 

f Hiirv cattle through breeding than 
the improvement of performance 0 Doultrv. One reason for this is 

to any other class of farm anima s P P easj)y an( j accurately in this 
that performance can be measure testing for butterfat con- 

species by weighing the milk pro * . on . Another reason is that con- 
tent at certain intervals during , are we ll known, and there 

sumer demands for quality in ai r V P . over t he years as there has 
has been no need to revise selection o ’ J {rom f . lt ] 10 gs to lean hogs in 
been in swine where the demant las constant demand for dairy 

recent years. In addition, there is are s0 essential for health and 

products throughout the , rou ghout the United States, 

they are used daily in mos L lmmes_ t dairy . cattIe breeding and 

The same outline will be cattle, 

selection as was used with swine and beef 


TRAITS OF ECONOMIC IMPORTANCE 

„ nr , : n (lain -cattle breeding are 
The traits of greatest '“'’^f^^Cduction. type, and productive life 
fertility, milk production, buttert. p 
span. 

^TtutTV . cattle is of great importance. 

Normal and regular reproduction in* h born . T „ c heritabihty 

because the lactation period begin Iow jn dairy cattle, as 

and repeatability estimates for tauUg JJ„iKd in Table M l here 
beef cattle. This is illustrated by **£%££** observed in fe.t.h.y are 
low estimates indicate that most of the 

S°S 
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TABLE si 


KERITABIUTY AND REPEATABILITY OF FERTILITY IN DAIRY CATTLE* 


Fertility Trait 

No of 
reports 

Average 

Range 

Repeatability 

Nonreturn to first s&rvice 
Services per conception 
Calving interval 

Time to postpartum estrus i 

4 

2 

5 

10 

7 

| 7 

j 9 

3 to 27 

i 610 8 

Oto 13 

2 lo IS 

Rentability 

Nonreturn to first service 
Services per conception 
Breeding efficiency** 

Time to postpartum estrus 

3 

3 

1 

2 

1 7 

1 “ 3 

1 32 

1 1 

0(0 U 
-15 to 3 

6 to 8 


♦References 6, II I? and 29 

••Calving Interval a» a per cent of 365 days 


due to environment and that selection to improve this trait would not be 
effective The greatest improvement within a herd wo uld com**, from 
proper attention to wryuomneiital factors such as nutrition management, 
and disease control 

The fact that hentabihvy and repeatability estimates for fertility ate 
low does not mean that genes do not affect this trait It merely means that 
the amount of a dditive ge netic variance affecting fertility is small, and it 
does not discount the possibility that single pairs or at least a small 
number of pairs of genes with nonadditive effects have an important m 
fluence on this trait Tor instance gonadal hypoplasia has been reported 
to lower fertility m cattle and is thought to be conditioned by a recessive 
gene 55 Inherited sterility in bulls has been reported in which the sperm 
is abnormal thus preventing normal fertilization 19 In addition, inbreed 
mg often causes a decline m fertility that is due to the uncovering of 
recessive genes 17 or the disruption of a nicking effect due to overdominance 
and/or epistasis 


Milk and Butttrfat Production 

Improvement of production of milk and butterfat has received the 
most attention by breeders through the jears Breeds have been developed 
which differ significantly in the amount of milk and butterfat they pro- 
duce Some breeds produce large amounts of milk with a tendency toward 
alower percentage of butterfat whereas the reverse is irue of other breeds 
These breed differences strongly suggest a geneuc control of both milk 
and bunerlal production 
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Heritability and repeatability esumatesjor^milk and butte^ 

tion as well as butterfat p^centage ^ are £xe2Un£s i ill m_to 

estimates show that milk and bu P shou)d show improve- 

ilighjnjheritability, so that selec 1 hou ld be especially effective, 

since this trait is between 60 and bo p _ twin data avera ge con- 

Heritability estimates derived fro from pare nt-ofEspring or sib 

siderably higher than est,mateS “ 1C “ e vari ation due to additive gene 
resemblances that measure m y Heritability estimates based 

action but include some that is nor ™ from split-twin and combined 

on identical-twin data have been obtained tom sp^ ^ ^ responsib]e 
identical and fraternal twin recor . da(a being higher than 
for heritability estimates from ^ don is tha t twins may be more 
those from nontwin data. On P 


TABLE 52 

__ tt TTV estimates for milk and 
HEWTABI bu'?terfat E production m dairy cattle- 



Milk yield 
Butterfat yield 
Butterfat per cent 
Nonfat solids 

Heritability Based on 


Milk yield 
Butterfat yield 
Butterfat per cent 
Persistency of lactation 
Peak milk yield 
Total solids 
Total nonfat solids 
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alike than nontwin relatives because their maternal and contemporary 
environment may be more alike. This would increase the size of the 
heritability estimates, because members of a pair of twins would resemble 
each other more closely. In addition, heritability estimates based on 
identical-twin data may include much o£ the nonadditive genetic vari- 
ance, such as dominance and epistasis, in addition to that due to additive 
gene action, which is not measured to any great extent in nontwin data. 

Heritability estimates based on nontwin data would seem to correspond 
more closely with the realized (or actual) heritability one might obtain in 
selection under practical conditions. These estimates are still high enough 
to indicate that mating the best to the best would be the system of choice 
for improved milk and butterfat production. 

Some attention has been given in research to whether heritability esti- 
mates are higher in a low-producing or in a high-producing herd. In a 
study of records of 13,000 cows in Denmark produced by artificial in- 
semination, 27 tire heritability estimates of milk and fat yields were only 
slightly greater in cows of a high level of production than in those of a 
medium level. However, heritability estimates were considerably lower 
for both traits in cows of a low level of production. No evidence of a 
herd-sire interaction was found for either trait, with the true ranking of 
bulls tested on cows of a low, medium, or high level of production being 
the same in each case. It was concluded that selecting bulls on the basis 
of their daughters’ records in a higher yielding herd would be preferred 
in testing bulls for use in artificial insemination. A similar study in 
Sweden 21 showed that heritability and repeatability of milk yield and 
butterfat percentage were only slightly higher in high- than in low-pro- 
ducing herds. These two studies suggest that selection or progeny-testing 
in herds of medium-to-high production would be preferred, although the 
advantage is small. 


Measurement of Milk and Butterfat Production 

Several nongenetic factors are known to cause variations in the produc- 
tion records of dairy cattle. Adjusting records for factors known to cause 
variations would make selection more effective, because the superior ani- 
mals would then be more likely to be superior because ol inheritance. 
Some ol these factors may be corrected for h, recording production for a 
standard length of time or by using adjustment factors derived from a 
large body ot data from many animals. 

The Dairy-Herd-lmproveraent-Association 23 recommends that records 
of product, on be adjusled for lengih of laciaiion period, for number of 
milkings per day. and for age ol the costs svhen they produce the records. 
Adjustments of record, for these variables are necessary for a more valid 
comparison ot sires as well as dams for selection and herd improvement 
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reduces the variation m pro ^ n0 ln fiuence on production 

lactation and because P«S"* Cy h Thls Station period is also more 

during a lactation period o£ this lengu ^ shouW have a dry 

desirable, because cons should calve e y 

period between two successive ,acta “ 0 ™ and butterfat yield have 

Several methods o£ estimating the ml ip at each milking One 

been used m place o£ weighing an mpnts 0 f milk production and 

method is to make monthly measur ^ figures by the number 

percentage o£ butterfat and then null p y & method 1S to sum 

of days the cows are milked during m0 „thly intervals, 

the first ten testing day values taken • PP lactation yield 3S 

and multiply this figure by 30 5 to e "e days previous to the date of 
Each cow tested must have calved six ^ cal ^ mg Most methods used 

testing, but no correction is made or . with each other and 

are fairly accurate, since they are highly corre 

■Mth actual yields of milk and utter 1 for 355 days rather than for 
Milk yield records are sometimes adjusted to a 305 day 

the shorter period of 305 days These records may 

basis by multiplying by the factor ^ influence on the amount of 

The age of the cow also has o!d cows are considerably below 

milk she produces Two and t > reac h at six to eight years of 

their peak production, which tl,e > s ° dec line in production Since 
age After nine years of age. ml .k and butterfat yield, 

age is such an important source o ds to a ’mature equivalent 

conversion factors are used to com , to an age at wlucli cows o 

basis This means that records are 1 Agc conversion factors for 

the breed show their maximum P r0( “ 1C ‘ ,, 5 | for th c different breeds 
305 day production records are g>' en 1 ’ m ay be used, let us assume 

of dairy cows To illustrate Tan A rXe cow that is 3 5 years of 

that the 305 day lactation record o > ‘mature equivalent 

age „ 5,000 pounds of mdk To conv'rtUns ^ ^ „ The adjusted 
bvsis we multiply tins by the factor adjus ,ment factors for cows of 

record would be 5.G50 pounds of m k ^ 

other breeds are also presente in ^ da) 1S ilso in imporian 

The number of times cows arc ' ’ rc frcql ,cnt milkings result in 
source of variation in milk prot uc . rc comparisons between cows, 

the production of more milk am w( , 0l hets ,I,rcc or four tunes 

some of which were nulhci twic milked only two times j>er < as. 

da.lv, are not valid Since most cows me mon factors prevented 

records are usually adjusted to this basis uy 




Adapted from USDAP ARS-52-1. January 1955 


>n Table 54 This correction is made after adjustments are made to a 
$05-day "mature equivalent” basis 

Since breeds of dairy cattle differ in the amount of milk they give and 
in butterfat percentage, yields are sometimes reported on a four per cent 
fat-coiTected milk basis The formula for this conversion is: 

Fat-corrected milk (4 per cent milk) = (0 4 X milk) + (15 X fat) 

For example, if a cow produced 12,000 pounds of 3 5 per cent milk con 
taining 420 pounds of fat, her four per cent-equivalent record would be 

Fat-corrected milk *= (12,000 X 04) + (420 X 15) 

- 4800 -f 6300 

- 11,100 tbs 
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Productive Life Span in Dairy Cattle 

This is another trait of economic importance. A study of 101 commercial 
dair> herds in Florida 4 showed that the average productive life of dairy 
cows in a herd maintained mostly by purchased replacements was 3.9 
years after entering the herd at two years of age. In 14 herds where replace- 
ments were home raised, this figure increased to 4.7 years. The reasons for 
the disposal of 58 per cent of 2,182 cows in these herds were udder trouble, 
low* production, and reproductive disorders. 

In a New Jersey study, 43 longevity in a Holstein-Friesian herd was 
found to be about 37 per cent heritable, as calculated from the intra-sire 
regression of daughters on dams. Breeding efficiency, expressed as a 
percentage derived from the actual calving interval in days to the ideal of 
365 days, was 32 per cent heritable. The association between productive 
life span and breeding efficiency was low* and insignificant. 


Type and Conformation 

Type in dairy cattle has received much attention both in the show’-ring 
and from breeders in selecting replacement animals. As shown in Table 
52, type in dairy cattle is about 25 per cent heritable, which indicates that 
only moderate progress could be made in selection for the improvement 
of this trait. 

Type and conformation are valuable because superiority in these traits 
should help the animal to maintain a long and highly productive life. The 
desirable items are size and development of the mammary gland, proper 
placement of the teats, soundness of feet and legs, and body capacity, 
which should give some indication of the animal’s ability to consume 
large amounts of grains and roughages. 


FIGURE 81 Primness 
Breezemood r A Patsy 
3816059 (VG) is one of 

THOSE INDIVIDUALS THAT 
HAVE GOOD TYPE AS WELL 
AS PERFORMANCE. HER 

record was 36,821 

POUNDS OF MILX AND 
1866 POUNDS OF BUTTER- 
r AT at FIVE YEARS OF 

ace. (Courtesy of the 
Holstein-Friesian' As- 
sociation of America.) 
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Differences between dairy- and beef-cattle type are very obvious. In a 
general way, there is a relationship between body form and milk produc- 
tion in dairy cattle, but within a herd or breed the relationship seems to 
be relatively small. Most studies between dairy type and production show 
a positive but low phenotypic correlation between these traits. The 
genetic correlations are also very low, which indicates tfiat selection for 
type alone would result in little improvement in production. The two 
traits seem to be inherited independently, and to improve both, selection 
for both must be practiced. 


GENETIC CORRELATIONS BETWEEN PRODUCTION TRAITS 

Genetic correlations between the various traits in dairy cattle are 
summarized in Table 55. The data indicate very dearly that there is a 
strong genetic correlation between milk yield and butterfat yield, with 
an average value of 0.81. Thus, many of the same genes affect both traits, 
and intensive selection for one should bring about improvement in the 
other. This is a desirable correlation since it is positive. The genetic 
correlation between milk yield and butterfat percentage was negative in 
all studies and averaged —0.41. This suggests that many of the genes re- 
sponsible for high milk yields cause the production of a lower percentage 
of fat in the milk. These figures seem to be borne out by the association of 
the two traits seen in the different breeds of dairy cattle. Holstein* 
Friesians, for instance, give large amounts of milk but a lower butterfat 
percentage. Jerseys give a smaller amount of milk, and the percentage of 
butterfat is much higher. This negative genetic association is not of great 
economic importance, because most dairymen are probably more inter- 
ested in the total fat and milk yield than the) are in the percentage of 
fat in the milk. 

The data presented in Table 55 show tfiat there is a very’ low genetic 
correlation between fat yield and fat per cent in the milk. This means 

TABLE 55 

GENETIC CORRELATIONS BETWEEN TRAITS IN DAIRY CATTLE 


Traits correlated 

No. of 
studies ] 

Average 

Range 

Type and butterfat yield 

3 

-0.15 

- 0.52 to 0.03 

Type and milk yield 

3 

0.05 

0.00 to 0.03 

Milk yield and butterfat per cent 

7 

-0.43 

-o.sa to— o.20 

Milk yield and butterfat yield 

6 

0.01 

0.C2 to 0.02 

Fat yield and fat per cent 

3 

0.14 

-0.03 to 0.36 


Reference* 15, 1C. SO, 22, 35, 3?. and 39. 
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that aery feu oE the same genes affect these two traits and selection for 
one should not cause a genetic change in the other 


SELECTION OF DAIRY SIRES 

Since milk production is limited to only one sex, sires must be selected 
for performance on the basis of the records ot their female relames, in 
eluding their dams sisters and daughters The recognition of the lffl 
portance of dairy sire selection has resulted in many studies of this prob- 
lem 

The old adage that the bull is half the herd applies to the breeding of 
dairy cattle, but probably needs more attention now than a few years ago 
The reason for this is that through the use of artificial insemination the 
bull may supply half the inheritance for many calves in many herds 
A bull cannot be fully progeny tested until his daughters complete 
their first lactation period This means that some system must be used 
for the selection of young bulls that will be progeny tested later in their 
lives The best procedure for selecting a young sire is to retain one whose 
sire is progeny tested whose dam is of known high productivity, and 
whose family is also noted for its high productivity In addition, attention 
should be giv en to the productivity of his female collateral relatives In a 
study of records to determine the best method of selecting a young bull, 13 
it was found that more reliance could be placed on the average production 
of the paternal half sisters of a bull than on that of the dams of his 
paternal half sisters or the production records of the paternal half sisters 
of the bull s dam The average production of the bull s own dam or that 
of his maternal half sisters showed no relationship to his daughters* 
production 

Great emphasis has been placed on the use of progeny tested dairy sires 
for breeding purposes Many systems of indexing dairy bulls have been 
proposed The equal parent index has been used in the past It is 
relatively simple to calculate but has proved inaccurate in natural service 
for bulls evaluated by this method do not repeat their index when used 
for artificial insemination This index is based on the theory that the 
progeny should average midway between the two parents It is usually 
calculated by finding the differences between the average milk yield and 
buiterfat test of a group of cows and the averages for their daughters out 
o' a P Mllcu,ar bul1 M lh = daughters average production exceeds that of 
the dams the difference is added to the daughters record to get the 
equal parent index for the bull If the daughters' average production 
is less than that of the dams, the difference is subtracted from the daugh 
teis average to secure the hull s index Thus this index always places the 
daughters average midway between the dams' actual aterage and the 
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FIGURE 82 WIS Captain (1738) a Gold Medal Proved 
Sire Thirteen pairs of dauchter dam comparisons showed 
A DIFFERENCE OF +1350 POUNDS OF MILK AND 56 POUNDS OF 
BUTTERFAT IN FAVOR OF THE DAUGHTERS IN FOUR YEARS HE 
IERFORMED 219 043 SERVICES BY ARTIFICIAL INSEMINATION 
WITH APPROXIMATELY 145,000 OFFSPRING At THAT TIME HE 
WAS STILL GOING STRONG AS A SIRE (COURTESY OF THE AMERI 

can Breeders Service, Chicago, Illinois ) 

bull’s "equal parent index " In computing the index, the records are 
adjusted to a 305 day, 2 times, mature equivalent basis The index is 
calculated for milk yield, per cent butterfat, and fat yield 
Another method of progeny testing bulls is to compare the average of 
a bull’s daughters with that of their dams This comparison is made after 
the dams’ and the daughters’ records have been adjusted to a 305 day, 2 
times, mature equivalent basis If any of the dams or the daughters have 
more tlnn one record, these records arc averaged before the comparison 
is made Tor progeny tests to be of value, the environmental conditions 
should be as nearly the same as possible for both the daughters and the 
dams In addition, daughters tested should be a random sample of those 
from a particular sire and sho uld no t be selected because they have a 
higher potenuaTlcv el of production, with those of a lower potential facing 
left out of the comparison Such a procedure would cause one to over 
estimate the inherent production level transmitted by the bull 

Studies of the number of daughters necessary to progeny test a sire bv 
means of natural service indicate that very little accuracy is added by 
testing more tlia n_ eight to jten daughters Some nccurncv is added with 
larger numbers of daughters, but the accuracv per additional daughter 
decreases as the number of danghicrs tested increases However, ilic me 
of larger numbers of daughters is more practical when artificial imcmina 
tion u used 
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RESULTS OF SELECTION IN DAIRY CATTLE 

Definite breed differences in milk and bucterfat production lease little 
doubt that selection lor these traits has been effective Nes ertheless, very 
few well controlled selection experiments tilth dairy cattle have been re- 

P °ln < a USD A study,” a Holstein herd was established in 1918 and a 
selection study was initiated No females were culled until after they 
completed at least one lactation record Environmental conditions were 
kept as constant as possible throughout the experiments Ten proved sires 
were used during a period of 28 years Sires were used whose unselected 
daughters were uniformly high producers and produced better than 
their dams 

The average yearly production of 16 foundation cons was 17,524 pounds 
of milk and 601 pounds of butterfat This was a high lesel of production 
The average production of 185 unselected daughters that were descendants 
of the ten sires was 17,491 pounds of milk and 629 pounds of butterfat 
Some of the proved sires improved the average of their daughters records 
over their dams whereas others lowered them The last three progeny- 
tested sires used produced unselected daughters whose milk production 
records ranged between 18,680 and 19,850 pounds of milk and between 
683 and 711 pounds of butterfat This study showed conclusively that 
superior, progeny tested bulls were hard to find 

To make genetic improvement, genetically superior animals must be 
used Since males have more progeny than females, they may be tested 
more thoroughly, and genetic improvement can best be made by using 
those that are genetically superior Artificial insemination increases the 
possibility of making more use of superior progeny tested sires In 1939, 
the average number of services per sire in artificial insemination was 
228, according to USD A figures This has steadily increased, so that 
at the present time about 2500 services are made per sire per year, and 
between six and seven million cows are inseminated each year 

Several reports in the literature ha\e attempted to assess the progress 
made by using artificial insemination in dairy herds 18 33 42 Usually records 
of performance of cows produced by this method are compared with those 
of cows produced by natural matings in the same herd at the same time 
Cows from artificial insemination have proved to be significantly superior 
in production in some instances 


INBREEDING IN DAIRY CATTLE 


^ an L^ Xpenments have been conducted with inbreeding m dairy 
cau e The mam objective of the expenmen ts in most studies was to 
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determine if pure lines could be formed in which individuals had a level 
of production as high as that of outbred animals In addition, it was 
desired to learn what the effects of inbreeding might be in this class of 
farm animals 


Occurrence of Detrimental Genes 

Several experiments have clearly shown that inbreeding in dairy cattle 
uncovers recessive genes if they are present in the foundation stock A 
study of genetic and environmental factors in the development of the 
American Red Danish cattle 36 showed that 65 calves in 27 herds were 
born with paralyzed hind quarters Forty two calves mil herds were 
dead at birth and showed ankylosis and mummification These defects 
are inherited, and they have been reported in Denmark Both defects 
uere traced to certain bulls of the breed A gene frequency analysis showed 
that about 25 per cent of American Red Danish cattle were heterozygous 
for tile paralyzed condition and II per cent were heterozygous for anky 
losis 

In a study conducted in California, 31 an increase in calf mortality that 
accompanied inbreeding was partly accounted for by two lethal genes, 
one of which controlled an anomaly of the liver and the other an anomaly 
of the heart Neither of these defects could be determined by their ex 
ternal morphological appearance In a U S D A study of inbreeding, 44 a 
few Guernsey calves were deformed at birth, and apparently a recessive 
gene was involved In an inbreeding experiment at the New Jersey sta 
tion, 2 data on four foundation herd sires were studied As inbreeding 
progressed some of the descendants of one bull died at birth or shortly 
afterward of an inherited defect called ‘ Bulldog * Various abnormalities 
of the reproductive tracts also occurred, and tins sire family had to be 
abandoned Another sire produced offspring that were undesirable and 
many of -which also carried a factor for red spotting of the hair coat Ap 
parently, two of the four sires transmitted no apparent genetic defect, and 
one of these produced descendants of \ery satisfactory types and perform 
ance 

It is apparent from the literature that dairy cattle may carry several 
recessive genes that are uncovered by inbreeding Most of these defects m 
the heterozygous state cannot be recognized by the morphological ap 
pcarance of the individual and can be discovered only by an appropriate 
progeny test Thus, any breeder who practices inbreeding risks an increase 
in the occurrence of genetic defects in his herd The only sure vs ay to 
determine if the breeding animals are carrying such genetic defects is to 
inbreed and progeny test them This takes time and is costly, but there 
are probably some sires of outstanding genetic merit that do not carry 
lethal or detrimental genes and that should be identified 



Systems of Breeding and Selection in Dairy Cattle 


316 


Effect of Inbreeding on Growth 

Results of experiments do not all agree as to the effect of inbreeding on 
growth rate. In general, horvever, inbreeding seems to decrease birth 
weight and mature weight *- 10 28 30 34 - 44 In one study 28 it was found that 
inbreeding slowed the growth rate early in life but permitted the later 
rapid growth to continue longer so that mature size was not decreased but 
may have even been increased. At the New Jersey Station, 26 Holstein- 
Friesians were inbred up to 20 per cent without any decrease in weight 
at maturity as compared to outbred animals. When inbreeding was more 
than 20 per cent, inbred females grew normally to approximately first 
calving age, then developed more slowly thereafter. 


Effects of Inbreeding on Fertility 

Inbreeding did not cause an increase in the number of services per con- 
ception in grade Holstems 44 and seemed to cause little or no increase in 
abortions and stillbirths However, in most experiments, an increase in 
inbreeding has resulted in an increase in calf mortality after birth Part, 
but not all, of this increased mortality was due to lethal factors. Appar- 
ently, inbred calves were less able than outbreds to cope with environ- 
mental conditions during this stage of life 


Effects of Inbreeding oy Production 

Some of the early experiments on inbreeding in dairy cattle did not 
report the coefficients of regression for milk and butterfat production on 
inbreeding as calculated from Wright’s coefficient of inbreeding. Results 
of later studies which reported such figures are summarized in Table 56. 
lu some experiments, inbreeding seemed to result in an increase in pro- 
duction^* but, in general, this was not true At the New Jersey Station 3 


TABLE 56 

EFFECTS OF INBREEDING ON MILK AND BUTTERFAT PRODUCTION 


Profit! ebon trail 


Pounds of milk 
Per cent of butterfat 
Pounds of butterfat 


No of 
reports 

Regression coefficient* 

| Average I 

Range 

4 

-71.900 I 

-209.800 to -0.074 


0.006 i 

0.003 to 0.008 


- 2.310 

- 4.880 to -0.300 


•Decrease or Increase for each 1 per cent inbreeding 


References 24. 36. 40. and 41 


FIGURE 83 A calf affected by a recessive lethal gene 

WHICH CAUSES PREGNANCY TO BE PROLONGED IN SOME CASES 
AS LONG AS 60 TO 70 DAYS WITH A BIRTH WEIGHT OF UP TO 
150 to 160 pounds. The calves have to be delivered by 
Caesarian section in some cases. (Courtesy of Dr L. W. 

Holm, School of Veterinary Medicine, University of 
California, Davis, California.) 

experimental results indicated that inbreeding up to 20 per cent, accom- 
panied by rigid selection, could result in superior animals. It was con- 
cluded that the primary results of the inbreeding work at that station was 
the development of superior inbred sires with a marked prepotency for 
desirable growth, type, butterfat test, and production. 

Conclusions on Inbreeding 

Results of inbreeding work in dairy cattle show that inbreeding is 
often detrimental, as measured by the increased occurrence of recessive 
defects, greater calf mortality, and lowered production of milk and butter- 
fat in inbred cows. Nevertheless, adverse effects have not always been 
observed. Certain inbred sires and dams seem to be very prepotent for 
high production. This suggests that a linebreeding program using out- 
standing animals within the breed could develop outstanding lines. The 
development of several such lines within a breed could produce some 
very superior animals if the best lines were crossed. The heritability of the 
traits suggests that additive genes have a moderate-to-great effect on pro- 
duction, whereas inbreeding and crossbreeding effects are only moderate. 
This would suggest that selection of high-producing stock and fixing the 
desired traits by moderate inbreeding would he of value in a dairj-cattle 
breeding program. 

CROSSBREEDING IN DAIRY CATTLE 

Results of experiments in which the performance of the T, crossbreds 
is compared with that of the average of the two parent breeds are sum- 
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Table 51 


INFLUENCE OF CROSSBREEDING ON MILK PRODUCTION 
IN DAIRY CATTLE 



Fi as per cent of Pj average 

Breeds crossed 

Lbs milk 

%fal 1 

Lbs fat 

Red Danish x Jersey ! 

103 ( 

98 ] 

104 

Friesian x Guernsey 

107 j 



Friesian x Jersey 

112 

135 | 


Jersey x Angus 

96 



Friesian x Angus 

98 



Average 

103 

101 

108 


deferences 7 8 14 32 45 and 46 


marized m Table 57 In some of these experiments numbers of animals 
involved are small but they still give some indication of the effects of 
heterosis on milk and butter fat production 

Results indicate that there is some heterotic advantage in milk, and 
butterfat yield with little or no advantage for the percentage of butterfat 
in the milk In three experiments involving crosses of the dairy breeds 
from 3 to 12 per cent heterosis was observed in milk yield and from 4 to 
37 per cent m fat yield This means that there was a tendency for the Fj 
average to be closer to the average of the more productive breed It should 
be pointed out however that m none of the studies did the average of 
milk production by the fi crossbreds exceed that of the more productive 
parent breed 

In the crosses of the dairy breeds the average butterfat yield of the F* 
crossbreds exceeded that of either parental breed «t two out of three ex 
penments In tno of the three reported experiments the percentage of 
butterfat in the milk of the t\ crossbreds was slightly lower than that of 
the average of the parental breeds This trait shows that heterosis effects 
uere slight or even slightly negative In none of the three experiments did 
the average percentage of butterfat m the milk of the crossbreds exceed 
that of the most productive parent 
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TABLE 58 

RESULTS OF CROSSBREEDING EXPERIMENTS WITH DAIRY CATTLE AT 
BELTS VI LLE, MARYLAND* 


Groups tested 

No of 
cows 

| Mature -Equivalent Values 

Lbs milk 

%fat 

Lbs fat 

Foundation purebreds 

55 

13,799 i 

4.30 

594 



(1 00) 

(100) 

(100) 

2-breed crosses 

55 

17,811 

4.49 

799 



(129) 

(104) 

(135) 

3-breed crosses 1 

58 

18,240 

4.39 

801 



(132) 

(102) 1 

(135) 


♦Adapted from USDATB 1074 1954 Figures in parentheses are production figures as a 
per cent of the foundation purebreds, or an estimate of heterosis 

experiment was initiated in 1939 with foundation cattle from the Holstein- 
Friesian, Guernsey, Jersey, and Red Danish breeds These cows were mated 
m rotation to proven sires of the Holstein Friesian, Jersey, and Red 
Danish breeds All production records oE crossbred females and their 
foundation dams, except the Red Danish dams, were made on the basis of 
three times per day milking for a 365 day lactation period In this experi- 
ment, there was a considerable advantage of the two breed crosses over 
the foundation purebreds in milk and butterfat yield and, to a lesser ex 
tent, in the percentage of butterfat The three breed cross had only a 
slight advantage over the two breed crosses Crossbred cows had a higher 
degree of persistency of production than purebreds, which accounted for 
a part of their higher level of production 

In the BeltsviIIe experiment, the average of the crossbreds exceeded or 
equalled the average of any of the parental foundation breeds on a ma 
ture equivalent basis This experiment shows a higher degree of heterosis 
for milk and fat yield than other experiments reported in Table 57 


Conclusions on Crossbreeding in Dairy Cattle 

More experimental results are needed to assess properly the value of 
crossbreeding in dairy cattle production Trom the standpoint of milk and 
fat yield, the results to date indicate that selection for high performance 
within the existing breeds might be preferred to crossbreeding Some 
established breeds are noted for high milk )ield, whereas others arc noted 
for the production of a high percentage of butterfat, which gives a 
creamy, yellow color to the milk Keeping a herd containing cows of the 
two breeds and mixing the milk for sale purposes perhaps would be more 
advantageous to the dairyman than crossbreeding On the other hand, 
where a dairyman has a herd whose production is average or below. 
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crossbreeding ought be of some advantage In such a case *e “ammt.Kd 
high productivity of the sire used would he more important tha 
breed to svhich he belongs 
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Questions and Problems 

1 of a*dauy herdr° St effCCU ' C t0 ,tn P TO ' e fertility or breeding efficiency 

“ d0 " e hs '' lhal lh ' ” rat genc5 affeci nuiii bmi ' r iat p r °- 
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3 Why 'ire hennbiht} estimates calculated from identical twin data higher 
thin those calculated from the regression of daughters on dams? 

4 Milk >ield is about 53 per cent repeatable and 36 per cent heritable Why 
the difference between these two estimates? 

5 Could genetically superior individuals be identified more accurately m a 
low producing or a high producing herd? 

6 In culling cons, what adjustments should be made before cows are compared? 

7 A cow produces 14 000 pounds of 3 2 per cent milk m a 305 day lactation 
period What is the production of this cow on die basis of 4 per cent fat 
corrected milk? 

8 A tw o ) ear-old Holstein heifer makes a record of 10 000 pounds of four per 
cent milk in 340 dajs when milked three times per day What is her record 
adjusted to a mature equivalent 305 daj two times a daj milking basis? 

9 Is t>pe and conformation of any importance in selection for superior milk 
and butterfat production? Explain 

10 A group of cows produce an average of 8 500 pounds of milk on a mature 
equivalent 305 da>, two times a day milking basis Their daughters out of a 
particular bull average 9 000 pounds on the same basis What is the equal 
parent index of the bull? 

11 What traits are affected the most by inbreeding in dairy cattle? 

12 Would ^ou recommend crossbreeding m dairy cattle? Discuss some of the 
advantages and disadvantages of this system of mating 
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Increased mechanization has re 
suited in a gradual decline in numbers of draft horses and mules on the 
farm Mechanization has become so complete in recent years that it is an 
oddity to see a fanner doing field work with anything but a tractor The 
decline in the need for draft animals has resulted in less interest in re 
search on breeding and improvement of these animals In fact, many 
recent textbooks on breeding feeding and management of the different 
species of farm animals include no chapters on horses and mules many 
colleges have eliminated a study of horse and mule production methods 
from their animal husbandry curricula 

Although horses have decreased in number m recent years, they have 
not been completely forgotten Many people still love to ride and many 
stables are maintained for this purpose The breeding and training of 
Thoroughbreds Standardbreds and Quarter horses is a highly specialized 
business and outstanding animals are valued at many thousands of dol 
lars Harness racing still has its place at many state fairs during the sum 
mer, and there are many who breed horses especially for this purpose 
Quarter horses are also bred for their racing ability, as well as for their 
beauty and their ability to work cattle on the range Although many 
cowboys ride the range in jeeps and pickup trucks many still take their 
favorite cow pomes along m trailers or trucks so they can work cattle on 
horseback where machines cannot go 

The cowboy and Jus cow pony will never completely disappear from 
the western range If they did it would be a tragic loss to this country 
The trust and mutual understanding between a cowhand and his favorite 
cow pony is something to behold The author can speak from personal 
experience in this respect since he spent several years in the range coun 
try and many pleasant hours, and even days on horseback working cattle 
in Arizona 
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No attempt will be made in this chapter to outline genetic principles 
specifically involved in breeding a particular type of horse The ^scussion 
mil be limited to the inheritance of those traits that are of the greatest 
economic importance 

TRAITS OF ECONOMIC IMPORTANCE 


Fertility 

Lowered fertility of the brood mare is as serious a problem as it is in 
any class of farm ammals A study of 45 draft and 35 light maresduring 
two breeding seasons showed that only 69 per cent concvedand pro 
duced foals * This low percentage colt crop seems to be similar to to 
obtained all over the United States Perhaps one reason for tore sed 
breeding efficiency in mares is the extreme length of the estrus period, 
which averages between five and six days Ovu : a mn, ^ g. matmg m 

ot Ik limned l,Ie .1 bed, ip.— ■ 
reproductive tract If the spermatozoa are intro u h ovum 

productive tract too long before or too long after he release 
from the ovary, they may die and fail to erti ize m (he j ltcra 

The heritabihty of fertility m “” 5 This lo w estimate seems 

ture gives a hentability estimate of five p nther sDecies of farm 

reasonable, since fertility is also lowly heritable in other m 

animals Selecuon for improved fern in f ^°[ h through such environ 
effective Attention to the improveme dlse y ase control is indicated 

mental factors as nutrition, rmnagemen ■ Dat hologicil and/or func- 

In management practices, treatment or ‘ sterility could be of 

t.onal disorders responsible for **** f “ ot Rented Much work has 
value, providing such abnormalities » 
been done in this area in the past severa years 

Performance . . 

Horses have been bred for many b«n w> important facior in 

aspects of performance will be 

and nervous qualities of the ini t' ic involved, it seems ver) prob 

structure Since so man) different actors ^ an j in tcraction of man) 
able that the trait is influenced ) 1 ,c hielih heritable, and the) 
genes Breeders believe tint racing nbil.t) is mg > 
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are willing to pay very high prices tor an outstanding stallion or even 
thousands of dollars for his services . r 

Several schemes hare been used to measure the racing 
Thoroughbreds The average earning index has been used by se 
investigators 3 This index is computed by first calculating the average 
amount o£ money earned by the breed each year, this is determined y 
dividing the total amount of earnings for all animals by the total num 
of starters The earnings of a horse are then compared with the average 
for the breed for that year A. horse that wins exactly as much money as 
the average is given an adjustment factor of I 0 A horse that wins out 
tunes the average of the breed has an adjustment factor of 4 0 X is 
adjustment factor is figured for each year that the horse is raced, the fac 
tors summed and then divided by the number of years raced The result 


ing figure is the average earnings index 

Studies of the relationship of stake winners to the earnings index of 
their dam 1 indicate that this trait is highly heritable Thus, mares with 
the higher earnings index would have the higher racing ability The 
earnings of the offspring of mares with higher indexes were also higher 
than those of the offspring of mares with lower indexes 

A hentabihty estimate of 60 per cent for racing ability was found in 
a study at the Kentucky Agricultural Experiment Station 8 This study, 
together with other evidence indicates that racing ability is highly herita 
ble and is influenced by many genes with additive effects The heritability, 
however, may not be as high as indicated here 

Racing ability m the Standardbreds and Quarter horses has not been 
studied in detail from the genetic standpoint, but the beliefs of breeders 
that this trait runs in certain families and that certain sires produce 
better performing offspring than others indicates that this trait is highly 
heritable Speed on the track vanes in different individuals Some horses 
can run very fast for a short distance, after which they falter Others can 
maintain a rapid pace for much longer distances This * staying ’ ability 
must also be heritable, since the breeds or types differ m this respect, the 
Thoroughbred being noted for racing ability at the longer distances and 
the Quarter horse at the short distance of a quarter mile 


Trotters and pacers The ability to trot or pace definitely depends upon 
the genotype of the individual The trotting gait has been reported to be 
due to a dominant gene, whereas the pacing gait is due to the recessive 
gene Natural pacers under this mode of inheritance would breed true 
and would be homozygous for the recessive gene It is possible to teach a 
trotter to pace, but the natural inclination to trot or pace seems to be 
inherited in a simple Mcndelian manner 
Speed in trotting and pacing could be influenced by several pairs of 
genes many of which act in an additive manner As far as is known, no 
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actual heritability estimates for speed in trotting or pacing have been 
published. 

Cow sense The term "cow sense" at i used here : refers to 

aptitude of the horse to understand and work catt h g are used 

cow pony has several different jobs to do; often, d ^rent horses are r 

for different jobs. One is to carry h ^f " ^ ^covered is often rocky and 
cattle in an area of several sections. Th > g A ,.a n pc S Another job, 
brushy, and the pony must have stamina and surefootedn ^ 
mostly limited to specially rough areas tv er be 

is to carry the rider close enough to a runnmgs ^sojha ^ 

roped. In the rodeo, cow ponies must „u t so the cow- 

calf and then must keep the rope taut w en ^ for , he •■ cut ting" 

boy can make a quick tie. Still anot er j ^ a s ; n g] e animal 

horse, who must have the agility an t c “ w Altho ugh considerable 

from a herd with very little f uldanC ^^ r ‘)’i” orcutt inghorse, training 
training is necessary to make a goo P 8 

alone is not sufficient. , . Brn ,: nP ;f these traits are 

Little or no research has been done to determme^dd ^ ^ ^ 

inherited. Some horses seem to have cow . inherited. In many 

men have long been of the opinion t tat co ' s t0 get a colt from 

cases they will travel long distances and pay high pr ce o g 
a particular line of breeding or out of a particular stallion. 

Type and conformation Within certain A 

conformation are necessary for the ‘ expected to be a 

Thoroughbred built like a draft orsc ' selecting and breeding 

stakes winner. Similarly, draft type is av0 ff J e the prime re- 
cow ponies or Quarter horses. W lere spec ^ o[ musc ling and size 
quirements, attention must be paid Type differences 

of bone, as well as to the '““""^“importance than between breeds, 
within the breeds are probably o P , conformation without 

The statement that horses can have goo >P ‘ -without good con* 

good performance, but cannot have good performance 
formation seems to be true.® definite descriptions as to 

The various brecd-registry since many breeds of horses 

the ideal t>pe of individual withi ^ . here. If both t>pc and 

are known, a description of each \\i should be practiced, 

performance are important, then sc cc l 


CORRELATIONS BETWEEN TRAITS 

i u rc not been studied in 
Genetic correlations between various Somr phenotypic 

hones as they base in other classes of farm 
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correlations have been studied, however, especially between a trait that 
can be easily measured and the ability to perform 

It has been reported that experienced breeders and handlers of race 
horses believe that nervous mares, as a general rule, are more hhely to 
produce speedier offspring than are mares that are less nervous or docile 
At least, it is thought that the highly spirited horses are usually speedy 
racers because they have a tremendous lull to win m races in competition 
with others This has been studied, using 50 high spirited mares that had 
272 offspring and 50 phlegmatic mares that had 248 offspring 3 The study 
showed no significant difference between the average earning indexes of 
the offspring of the two groups of mares It was concluded that the tern 
perament of the dam was not correlated with the racing ability of the 
offspring It was noted, however, that there was a significant positive 
correlation between the average earning index of the dam and that of her 
offspring This again, demonstrates that racing ability is a heritable trait 
Some breeders of Thoroughbreds believe that coat color is related to 
racing ability Leicester, in 1959 made a comprehensive study of such a 
possible correlation 6 The results, based on several hundred horses led 
to the conclusion that the number of winners of a certain coat color was 
proportional to the opportunity of horses of that color to win For ex 
ample, horses of the chestnut coat color won more races than those that 
were grey or roan, but this was because more chestnut horses were raced 
Another investigator, however, did not agree with these findings and felt 
that there was a definite correlation between coat color and racing per 
iormance 7 


SELECTION IN HORSES 

The existence of several different types and breeds of horses in this 
country indicates that selection m this species has been effective One 
needs only to observe the extreme difference in size between Shetland 
ponies and draft horses to realize that this is true Further evidence is 
found in the various types such as draft horses, pacers, trotters. Quarter 
horses and Thoroughbreds that have been successfully developed with a 
definite purpose in mind 

As far as Thoroughbreds are concerned, selection practiced has been 
based mostly on individuality and/or performance of the parents Most 
ot the attention has been given to the sire s performance and an attempt 
has been made to use sires that have been outstanding winners if possible 
Better results are obtained when both parents have excellent racing 
records but even m such matings many of the offspring are disappoint 
ing In one study « it nas shown that less than tsvo per cent of the mares 
studied had an earnings index greater than four It has also been estimated 
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SHOWN FOR ABOUT TWO 
AND A HALF YEARS AND 
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selection of mares for "cow sense an ^ ^ ^ an(1 arc given a chance m 
and ridden at three, four, an Those that show a goo P 

show their ability for '^““checked for soundness qua ty and 
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blood lines/Those that meet the ^ ^ ^ to produce supeno 

breeding herd. Mares -f^te Idled Sach a,-^ 
offspring after two or three fof tfie tr:ut5 G [ .mportance, t 

culling should result m P r J r ran bc practiced, 

in large herds where r.gid select 
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A pedigree analysis of the Thoroughbred breed was made to determine 
the degree to which inbreeding has played a part in the improvement and 
development of this breed 10 The analysis was made of the pedigrees ol 
stakes winners losers, and millionaire sires,’ or those whose offspring 
have won a million dollars or more in racing Pedigrees were traced to 
the year of 1748 as a base for stakes winners and losers in the years laao, 
1940, and 1941 The average inbreeding for 556 stakes winners was 8 23 
per cent and that for the losers was 8 00 per cent Thus, there was little 
or no difference in the amount of inbreeding in the two groups It was 
concluded that the genetic composition of the breed has been influenced 


very little by inbreeding and lmebreeding 

A study of recent pedigrees indicates that, in the Thoroughbred, in 
breeding is carefully and purposely avoided Possibly inbreeding causes 
a decline in racing ability because of an associated decrease in the stamina 
and vigor of inbred individuals Stamina and vigor as well as speed are 
necessary if horses are to be winners on the track 

An investigation of present day Thoroughbred pedigrees will show that 
outstanding stallions are often imported from foreign countries and the 
inheritance of these individuals is mingled with that of superior racing 
individuals in this country This is a form of outbreeding and should be 
of value especially if the imported horses possess some plus genes for 
racing ability not present in our own racing stock They should have 
these genes, for imported horses probably have descended from ancestors 
different from those of our racing stock at least in the last several years 
Pedigrees of present day Quarter horses will show that some line 
breeding and inbreeding is being practiced Such a pedigree is given in 
Figure 85 On the other hand there are other pedigrees that show no 
inbreeding or linebreeding, at least in the three or four generations usu 
ally shown Possibly in those instances in which other traits, such as 'cow 
sense and beauty of conformation are bred for, inbreeding and line 
breeding may be of more value 

Although inbreeding and linebreeding have been used very little in the 
development and improvement of some of the present-day breeds, theoret 
ically they could be used to advantage For instance, hnebred families 
could be formed in which the relationship was kept high to a particular 
stallion in the breed, with a minimum of inbreeding being involved If 
several such distinct families were formed, crossing them might produce 
a larger proportion of desirable animals m the hnecross individuals than 
is produced b> present methods of breeding and selection Even though 
individuals in the lmebred families might not be outstanding winners 
themselves the) should breed truer than non inbred parents, and their 
hnecross offspring should show increased heterosis for stamina and 
vigor The continued use of lmebred families for breeding purposes sit 
a manner comparable to the use of inbred lines of com could continue to 
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Questions and Problems 

1 Why is breeding efficiency in horses generally low? 

2 What evidence do we have that indicates that racing ability is highly hent 
able? 

3 Is cow sense inherited? Explain 

4 Ate type and performance correlated in horses? 

5 Outline a breeding and selection program you would suggest to a breeder 
who wishes to breed outstanding race horses outstanding Quarter horses 

6 Could hnebreeding and inbreeding be used to advantage in improving Thor 
oughbreds and Quarter horses? Explain 
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